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V. L'opposition est formee contra le brevet 

— dans son ensemble | X| 
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VI. Motifs tfoppos'rtion : 

(.'opposition est f ondee sur les motifs mentionnes d-apres : 

(a) I'objet du brevet europeen n'est pas brevetable (art 100(a) CBE), 
pour les motifs suivants : 

— de7aut de nouveaute (art 52(1) et 54 CBE) 

— detaut d'activite inventive (art 52(1) et 56 CBE) 



m 

x 



— autres motifs excluant la 



brevetabillte, a savoir art. 



(b) le brevet europeen n'expose pas r invention de fagon suffisamment claire et complete 
pour qu'un bomme du metier puisse Texecuter (art 100(b) CBE ; cf. art. 83 CBE). 



(c) I'objet du brevet europeen s'etend au-dela du contenu de la demande/demande initiale 
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Particle 116 CBE. 
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Date de la mention de la delivrance <art.97(4), 99(1 ) CBE) 15.09.2004 



litre de I'invention Utilisation d'extraits des phyto-oestrogenes isoflavones de soja ou de trefle 
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Adresse 
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Nom 


TOURNAY BIOTECHNOLOGIES 


Adresse 


ZA LE NOYER BRULE 24230 Lamothe-Montravel - France 



Nom 


LEA INSTITUT VITAL 


Adresse 


Avenue Paul Langevin 17180 Perigny - France 
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LABORATOIRE Th6ramex 
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6, Avenue Prince hereditaire Albert BP 59 - MC 98007 MONACO Cedex -France 




Nom 


JUVA 


Adresse 


8, rue Christophe Colomb 75008 Paris - France 




Nom 


NUTRINOV 


Adresse 


Rue Simeon Poisson - Campus de Ker Lann - 35170 Bruz - France 




Nom 


NUTRITION ET SANTE 


Adresse 


Route de Castelnaudary - 31250 Revel - France 



1 



Mlmoire ({'opposition contre le brevet EP 656 786 
Demande de brevet n° 93909679.8 



Titulaire : NOVOGEN RESEARCH Pty Ltd 

Titre : UTILISATION D'EXTRAITS DES PHYTO-OESTROGENES ISOFLAVONES DE 
SOJA OU DE TREFLE 

Pate de publication de mention de la delivrance ; 15 septembre 2004 
Qpposants : LABORATOIRES ARKOPHARMA PHYSCIENCE 



l 4 " Avenue 2709 


115, rue Cardinet 


MLID de CARROS LE BRGC 


75017 PARIS 


06510 CARROS 


FRANCE 


FRANCE 




LABORATOIRE OENOBIOL 


LABORATOIRE LPH 


59, Boulevard Exelmans 


Saint-Bonnet-de-Rochefort 


75781 PARIS CEDEX 16 


03800 GANNAT 


France 


FRANCE 


TOURNAY BIOTECHNOLOGIES 


LEA INSTITUT VITAL 


ZALENOYER BRULE 


Avenue Paul Langevin 


24230 Lamothe-Montravel 


17180 Perigny 


France 


FRANCE 


LABORATOIRE Theramex 


JUVA 


6, Avenue Prince Hereaitaire Albert 


8, rue Christophe Colomb 


BP 59 


75008 PARIS 


MC 98007 MONACO CEDEX 


FRANCE 


FRANCE 




NUTRINOV 


NUTRITION ET SANTE 


Rue Simeon Poisson 


Route de Castelnaudary 


Campus de Ker Lann 


31250 REVEL 


35170 Bruz 


FRANCE 


FRANCE 





L'opposition est formee a Pencontre de toutes les revendications 1 k 1 1 du brevet EP 656 786 
et est baste sur 1' article 100 (a) CBE pour les raisons que l'invention revendiquee ne pr&ente 
pas de nouveaut6 au sens de 1'article 54 CBE, ni n'implique d'activitS inventive au sens de 
Particle 56 CBE. 

L'opposition se fonde par ailleurs sur 1'article 100 (b) CBE. 

L'opposant requiert la revocation totale du brevet EP 656 786. A titre de precaution, 
Popposant demande P6tablissement d'une procedure orale selon Particle 116 CBE. 
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FAITS ET JUSTIFICATIONS A L'APPUI PES MOTIFS D'OPPOSITION : 
Etat de la Technique k Tappui de Topposition : 

Les documents ci-apres sont cit& comme 6tat de la technique au titre de Tarticle 54 (2) CBE 
contre l'ensemble des revendications. 

Dl : "Oestrogenic effects of plant foods in postmenopausal women" Wilcox G. et al., British 
Med. J., 1990, 301 , pages 905-906; 

D2 : "Herbal help to avoid menopause symptoms" Beckham N., Australian Wellbeing, 1988, 
No. 29, pages 74-76 ; 

D3 : "Dietary phyto-oestrogens and the menopause in Japan" Adlercreutz H. et al., The 
Lancet, 1992, Vol. 339, page 1233 ; 

D4 : "Western diet and western diseases: some hormonal and biochemical mechanisms and 
associations" Adlercreutz H. et al., Scand. 7. Clin. Lab. Invest, 1990, 50, Suppl 201, pages 3- 
23; 

D5 : "Dietary phytoestrogens and cancer: in vitro and in vivo studies" Adlercreutz H. et al., /. 
Steroid Biochem. Molec. Biol, 1992, Vol. 41, No. 3-8, pages 331-337; 
D6 : "Urinary excretion of lignans and isoflavonoid phytoestrogens in Japanese men and 
women consuming a traditional Japanese diet" Adlercreutz H. et al., Am. J. Clin. Nutr., 1991, 
Vol. 54, pages 1093-1100; 

D7 : "Role of plant estrogens in normal and estrogen-related altered growth of the mouse 
prostate" Makela S. et al., Proc. Euro. Food Tox., 1991, Zurich Switzerland, III, pages 135- 
139; 

D8 : EP 426 998, demande de brevet publite le 15 mai 1991 ; 
D9 : EP 135 172, demande de brevet publife le 27 mars 1985 ; 

D10 : "Determination of isoflavones in soybean flours, protein concentrates, and isolates" 

Eldridge A. C, J. Agric. Food Chem., 1982, Vol. 30, pages 353-355 ; 

Dll : Resume de JP 62106016, demande de brevet publi6e le 16 mai 1987 ; 

D12 : "Naturally occuring oestrogens in foods - A review" Price K. R.. et al., Food additive 

and contaminants, 1985, Vol. 2, No.2, pages 73-106. 

Dl k D12 sont des documents de l'art ant&ieur au titre de Tarticle 54 (2) CBE envers 
l'ensemble des revendications 1 a 1 1 du brevet EP 656 786. 

Des copies des documents Dl k D12 sont annexes en double exemplaire. 



Obiet du brevet opposfe : 

• La revendication 1 ind6pendante concerne l'utilisation d'un extrait du phyto-oestrogene 
isoflavone de soja ou de trefle pour fabriquer un medicament pour administration sous forme 
de dosage unitaire pour le traitement du syndrome premenstruel, des symptomes associes k la 
menopause ou du cancer de la prostate. 

• Les revendications 2 a 11 sont des revendications dependantes de la revendication 1, 
dormant des precisions sur le fait d'ajouter un excipient (revendication 2), la source du phyto- 
cestrogene (revendications 3 a 5), la nature, le ratio et la dose des isoflavones (revendications 
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6, 7 et 8), la duree d'administration du traitement (revendication 9), les constituants de 
Pextrait (revendication 10), et la forme de dosage unitaire (revendication 1 1). 



Arguments : 



I. Article 100 fa) 



Revendication 1 

Absence de nouveaute au sens de 1' article 54(2) CBE sur la base de Dl 

1. De Dl est connue P augmentation de la maturation vaginale par Padministration de phyto- 
cestrogenes de soja, tels que les isoflavones (page 905, colonne de gauche), chez des femmes 
post-menopausees. Dl est une etude sur les effets de trois types d' aliments (soja, trefle, lin), 
sur les femmes post-menopausees, qui divulgue que la maturation vaginale est un indicateur 
du caractdre oestrog&iique chez Petre humain (page 906, dernier paragraphe : « Comment »). 
Dl conclut page 906, colonne de droite, que. les phyto-oestrog&ies sont en mesure de soulager 
les symptomes de la m&iopause. 

2. Meme si Dl ne mentionne pas expressement que les phyto-oestrogdnes isoflavones de soja 
sont incorpor£s dans un medicament pour administration sous forme de dosage unitaire, une 
telle caracteristique est implicitement contenue dans Dl de par la nature meme de 
Papplication visee, a savoir traiter les symptomes associes k la menopause. 

3. Par consequent, toutes les caracteristiques de la revendication 1 sont connues de Dl, 
denuant Pobjet de la revendication 1 de nouveaute. 

4. L'enseignement de Dl divulguant Pensemble des caracteristiques techniques de la 
revendication 1 est corrobore par le titulaire du brevet lui-meme qui admet en tant qu'art 
ant6rieur ime etude decrivant les effets benefiques des phyto-cestrogenes pour traiter les 
maladies occidentales (« Western diseases »), en particulier le traitement de symptomes de la 
m6nopause par administration de phyto-oestrogenes provenant notamment du soja. Cette 6tude 
est sans aucun doute le document Dl (Cf. texte du brevet tel que d&ivr6 page 4 lignes 47 a 
51). 

Absence de nouveaute au sens de Particle 54(2) CBE sur la base de D2 

5. De D2 est connu le traitement de divers problemes lies a la menopause par Padministration 
de phyto-cestrogenes de soja ou de trefle, tels que la genisteine (Cf. page 75, colonne de 
droite, dernier paragraphe, qui mentionne sp6cifiquement la genisteine). La genisteine est une 
isoflavone connue que Pon.trouve notamment dans le soja ou le trefle. 

6. Meme si D2 ne mentionne pas expressement que les phyto-cestrogenes isoflavones de soja 
ou de trefle peuvent etre incorpores dans un medicament pour administration sous forme de 
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dosage unitaire, une telle caracteristique est implicitement contenue dans D2 de par la nature 
meme de Papplication visee, a savoir traiter les symptomes associes a la menopause. 

7. Par consequent, toutes les caracteristiques de la revendication 1 sont connues de D2, 
denuant l'objet de la revendication .1 de nouveaute. 



Absence de nouveaute au sens de Particle 54(2) CBE sur la base de D3 

8. D3 divulgue que les femmes japonaises ont moins de symptomes associes k la menopause, 
tels que les boufltees de chaleur, que les femmes occidentales. D3 divulgue egalement que les 
japonais, qui ont un regime alimentaire traditionnel faible en graisses, ont un taux d'excretion 
tres eieve d'isoflavones phyto-cestrogenes dans leurs urines. D3 mentionne notamment 
l'excretion importante de g&iisteine, de daidzeine et d'equol. D3 precise que l'excretion dans 
les urines des japonais d'un taux eleve d'isoflavones est directement liee a l'ingestion de 
produits k base de soja. D3 conclut que ces taux eleves d'isoflavones phyto-oestrogenes 
peuvent avoir des effets benefiques chez les Japonais, et notamment chez les femmes post- 
menopausfes qui ont en general des taux faibles en oestrogenes. D3 conclut encore que ces 
taux eleves d'isoflavones phyto-cestrogenes expliquent en partie le fait que les femmes 
japonaises souffrent tres peu des bouffees de chaleur, et plus g6neralement des symptomes de 
la menopause. 

9. Meme si D3 ne mentionne pas express6ment que les isoflavones phyto-cestrogenes de soja 
peuvent etre incorpores dans un medicament pour administration sous forme de dosage 
unitaire, une telle caracteristique est implicitement contenue dans D3 de par la nature meme 
de l'application visee, a savoir traiter les symptomes associes a la menopause 

10. Par consequent, toutes les caracteristiques de la revendication 1 sont connues de D3, 
denuant l'objet de la revendication 1 de nouveaute. 

Absence de nouveaute au sens de Particle 54(2) CBE sur la base de D4 

11. De D4 est connu Peffet protecteur des isoflavones phyto-cestrogenes sur le cancer de la 
prostate. D4 divulgue en effet que ces isoflavones permettent d'inhiber la croissance ou de 
limiter les risques de developpement du cancer de la prostate (Cf. notamment page 14 colonne 
de gauche, et 1 CT paragraphe colonne de droite). D4 divulgue 6galement que l'excretion dans 
les urines des japonais d'un taux elev6 d'isoflavones, telles que la daidzeine et l'equol, est 
directement H6e k Pingestion de produits a base de soja. D4 conclut que les isoflavones phyto- 
cestrogenes permettent le ralentissement du d6veloppement des cellules canc£reuses, et que 
l'administration de produits k base de soja peut ainsi avoir un effet b£n£fique sur le traitement 
du cancer de la prostate. 

12. Meme si D4 ne mentionne pas express&nent que les phyto-cestrogenes isoflavones de soja 
peuvent etre incorpor6s dans un medicament pour administration sous forme de dosage 
unitaire, une telle caracteristique est implicitement contenue dans D4 de par la nature meme 
de l'application visee, a savoir traiter le cancer de la prostate. 

13. Par consequent, toutes les caracteristiques de la revendication 1 sont connues de D4, 
denuant l'objet de la revendication 1 de nouveaute. 
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Absence de nouveaute au sens de Particle 54(2) CBE sur la base de D5 

14. De D5 est connu Peffet protecteur des isoflavones phyto-cestrogenes au regard du cancer 
de la prostate (Cf. notamment page 331, colonne de droite, avant-dernier et dernier 
paragraphes). D5 divulgue Sgalement que P excretion dans les urines chez Petre humain d'un 
taux eleve d'isoflavones, tels que la genist&ne et la daidzeine, et de lignanes est directement 
life k l'ingestion de produits alimentaires, en particulier de produits a base de soja. 

15. Meme si D5 ne mentionne pas expressement que les phyto-cestrogenes isoflavones de soja 
peuvent etre incorpores dans un medicament pour administration sous forme de dosage 
unitaire, une telle caract&istique est implicitement contenue dans D5 de par la nature meme 
de Papplication vis£e, h savoir traiter le cancer de la prostate. 

16. Par consequent, toutes les caract6ristiques de la revendication 1 sont connues de D5, 
d£nuant Pobjet de la revendication 1 de nouveaute. 



Absence de nouveaute au sens de Particle 54(2) CBE sur la base de D6 

17. De D6 est connu le traitement et la prevention de cancers hormono-dependants, tels que le 
cancer de la prostate, par Padministration d'isoflavones phyto-oestrogenes provenant 
notamment de produits a base de soja (Cf. notamment page 1093, colonne de droite, 2* me et 
3*™ paragraphes ; page 1097, colonne de droite, 3^° paragraphe et page 1098). D6 mentionne 
que la genisteine, la daidzeine et Pequol sont des isoflavones phyto-cestrogenes provenant du 
soja. 

18. Meme si D6 ne mentionne pas expressement que les phyto-cestrogenes isoflavones de soja 
peuvent etre incorpores dans un medicament pour administration sous forme de dosage 
unitaire, une telle caracteristique est implicitement contenue dans D6 de par la nature meme 
de Papplication vis£e, a savoir traiter le cancer de la prostate. 

19. Par consequent, toutes les caracteristiques de la revendication 1 sont connues de D6, 
denuant Pobjet de la revendication 1 de nouveaute. 

Absence de nouveaute au sens de Particle 54(2) CBE sur la base de D7 

20. D7 divulgue que des souris qui sont alimentees avec des produits a base de soja excretent 
dans leur urine des quantites importantes de phyto-cestrogenes, tels que les isoflavonoldes (Cf. 
page 136 le tableau 1, et le demier paragraphe « Results », ainsi que page 139, premieres 
lignes). D7 divulgue en outre que ces phyto-cestrogenes de soja permettent d'inhiber le 
developpement des neoplasies prostatiques (Cf. en particulier page 138 5° « Effect of dietary 
soy on the development of dysplastic changes in the prostate of neoDES mice » ou est precise 
que Pingestion de soja permet d'inhiber le developpement de changements dysplasiques qui 
sont considers comme etant de nature pr&naligne Cf. page 136, 5*"* paragraphe « Neonatal 
estrogenization of the mouse »). D7 conclut, page 137, que les phyto-oestrogenes de soja, dont 
les isoflavones qui sont express&nent cit6s, permettent d'inhiber le developpement du cancer 
de la prostate. 
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21. Meme si D7 ne mentionne pas expresseraent que les phyto-cestrogenes isoflavones de soja 
peuvent etre incoipores dans un medicament pour administration sous forme de dosage 
unitaire, une telle caracteristique est implicitement contenue dans D7 de par la nature meme 
de P application viste, k savoir traiter le cancer de la prostate. 

22. Par consequent, toutes les caracteristiques de la revendication 1 sont connues de D7, 
denuant l'objet de la revendication 1 de nouveaute. 



Absence de nouveaute au sens de Particle 54(2) CBE sur la base de D8 

23. De D8 sont connus des extraits d'isoflavones de soja, le malonate de g&iistine et le 
malonate de daidzine, qui peuvent etre incorpor£s dans des produits alimentaires ou 
cosm&iques (Cf. notamment page 3, lignes 46 k 48 et revendication 4). La genistine et la 
daidzine sont des phyto-cestrogenes connus du soja, et sont ainsi utilises h titre de 
complements alimentaires dans D8. 

24. Le texte du brevet oppose EP 656 786 tel que delivre precise page 7, lignes 23 a 24, que 
les medicaments peuvent se presenter notamment sous forme de complements alimentaires, 
de preparations pharmaceutiques, d'additifs alimentaires ou d'aliments contenant les phyto- 
cestrogenes actifs selon la presente invention. Le texte precise en outre page 7, ligne 28, que 
les medicaments sont de preference presentes sous forme de remedes ou traitements a base 
d'herbes. 

25. Au vu de ce passage du brevet oppose, la revendication 1 du brevet oppose peut etre 
interpretee a la lumiere de la description comme l'utilisation d'un extrait du phyto-cestrogene 
isoflavone de soja ou de trefle pour fabriquer mi additif ou complement alimentaire. Par 
consequent, la revendication 1 n'est pas nouvelle au regard de D8. 

Absence d'activite inventive au sens de Particle 56 CBE sur la base de Tun des documents 
choisis parmi PL D2. D3. D4. D5. D6. D7. ou D8. ou leurs combinaisons 

26. Si, par impossible, la revendication 1 venait a etre consideree comme nouvelle au vu de 
Pun des documents choisis parmi Dl, D2, D3, D4, D5, D6, D7, ou D8, il y a alors lieu de 
considerer la revendication 1 comme n'impliquant pas d'activite inventive. 



Absence d'activite inventive au sens de Particle 56 CBE sur la base de D9 en combinaison 
avecDIO 

27. De D9 est connu le traitement de Posteoporose par Padministration d'un medicament sous 
forme de dosage unitaire (une composition phannaceutique) contenant la daidzeine (R=OH 
dans la formule). D9 divulgue egalement que Posteoporose est un trouble ou une maladie tres 
frequente chez les femmes post-menopausees, signifiant ainsi que Posteoporose est un 
symptome ou probieme associe h la menopause. D9 divulgue en outre page 2, lignes 10 a 15, 
que la daidzeine a une activite oestrogenique. 

28. Ainsi, Putilisation selon la revendication 1 se distingue de D9 en ce que Pisoflavone est 
extraite de plantes de soja ou de trefle. 
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29. D10 enseigne que la daidz&ne est Tune des principles isoflavones qui peuvent etre 
extraites du soja. Un homme du metier savait done k la date dont beneficie l'objet de la 
revendication 1 que la daidzeine n'a pas besoin d'etre synthftiste chimiquement, mais qu'elle 
peut etre directement extraite du soja. 

30. Par consequent, il aurait ete evident pour un homme du metier, sans aucune demarche 
inventive, de combiner D9 avec D10, et d'utiliser ainsi la daidz&ne extraite du soja en tant 
que phyto-oestrogene dans un medicament pour traiter Tun des symptomes associes k la 
menopause, k savoir Posteoporose. 

31. En conclusion, Pobjet de la revendication 1 est denu6 d'activite inventive au regard de D9 
combine &D10. 



Absence d'activite inventive au sens de Particle 56 CBE sur la base de Dl 1 en combinaison 
avec DIP 

32. De Dl 1 est connu le traitement et la prevention de Posteoporose par 1' administration d'un 
m6dicament sous forme de dosage unitaire (une composition pharmaceutique) contenant une 
isoflavone, telle que la gdnisteine (Ri=OH et R 2 =H dans la formule) ou la biochanine A 
(Ri=OCH3 et R2=H dans la formule). L'osteoporose est connue pour etre un symptome 
associe a la menopause (Cf. en particulier les raisons mentionnees au paragraphe 27 ci~ 
dessus); La genisteine et la biochanine A sont par ailleurs connues comme presentant une 
activite oestrogenique. 

33. Ainsi, Tutilisation selon la revendication 1 se distingue de Dl 1 en ce que Tisoflavone est 
extraite de plantes de soja ou de trefle. 

34. Par consequent, il aurait 6te evident pour un homme du metier de combiner Dll avec D10 
pour les memes raisons que celles mentionnees au paragraphe 29 ci-dessus et de parvenir 
ainsi k l'objet de la revendication 1 . 

35. En conclusion, l'objet de la revendication 1 est denue d'activite inventive au regard de 
Dll combine a D10. 



Revendication 2 

Absence d'activite inventive au sens de Tarticle 56 CBE sur la base de Tun des documents 
choisis parmi Dl. D2. D3. D4. D5. D6. D7. ou D8 en combinaison avec les connaissances 
generales de Phomme du metier 

36. Le mode de realisation couvert par la revendication dependante 2 (ajout dans le 
medicament d'un excipient approprie sur le plan dietetique) tombe dans le cadre des activites 
de routine de Phomme du metier. 

37. Selon une pratique tout k fait habituelle, Phomme du metier aurait ete incite a modifier 
tr£s leg^rement Putilisation telle que decrite dans Pun des documents choisis parmi Dl, D2, 
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D3, D4, D5, D6, D7, ou D8 k Paide de simples mesures de routine pour parvenir a l'objet de 
la revendication 2. 

38. II est par ailleurs a noter que la revendication 2 dependante ne semble r&oudre aucun 
probldme technique particulier. 

39. Au vu de ce qui precede, la revendication 2 n'implique pas une activity inventive. 

Absence d'activite inventive au sens de Particle 56 CBE sur la base de D9 en combinaison 
avecDIO 

40; En plus des caracteristiques mentionntes k l'alinea 27 ci-dessus, il est egalement connu de 
D9 que le medicament comprend en outre un excipient approprie. 

41. La meme base d'argumentation qu'aux paragraphes 27 k 31 est reprise ici pour d&nontrer 
l'absence d'activite inventive de la revendication 2 au vu de D9 combine D10. 



Revendication 3 

Absence de nouveaute au sens de Particle 54(2) CBE sur la base de chacun des documents 
choisis parmi PL D2. D3. D4, D5, D6. D7. ou D8 

42. En plus des caracteristiques mentionn6es aux alin^as 1, 5, 8, 1 1, 14, 17, 20 et 23 ci-dessus, 
il est egalement connu de Dl ou D2 ou D3 ou D4 ou D5 ou D6 ou D7 ou D8 que le phyto- 
oestrog&ne isoflavone est extrait du soja. 

43. Par consequent, toutes les caracteristiques de la revendication 3 sont Egalement connues 
de Dl ou D2 ou D3 ou D4 ou D5 ou D6 ou D7 ou D8, denuant l'objet de cette revendication 
de nouveaute. 



Absence d'activite inventive au sens de Particle 56 CBE sur la base de Tun des documents 
choisis parmi Dl, D2. D3. D4. D5. D6. D7 ou D8. ou leurs combinaisons 

44. Si, par impossible, la revendication 3 venait a etre considerde comme nouvelle au vu de 
Pun des documents choisis parmi Dl, D2, D3 S D4, D5, D6, D7, ou D8, il y a alors lieu de 
considdrer la revendication 3 comme n'impliquant pas d'activit6 inventive. 



Absence d'activite inventive au sens de Particle 56 CBE sur la base de D9 en combinaison 
avecDIO 

45. La meme base d'argumentation qu'aux paragraphes 27 a 31 est reprise ici pour demontrer 
l'absence d'activite inventive de la revendication 3 au vu de D9 combine D10. 



Absence d'activite inventive au sens de Particle 56 CBE sur la base de Dll en combinaison 



avec DIP 
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46. La'meme base d'argumentation qu'aux paragraphes 32 a 35 est reprise ici pour demontrer 
Pabsence d'activite inventive de la revendication 3 au vu de Dl 1 combine Dl 0. 



Revendication 4 

Absence d'activite inventive au sens de Particle 56 CBE sur la base de Tun des documents 
choisis parmi DL D2, D3. D4. D5. D6. D7. ou D8. en combinaison avec D12 

47. Chacun des documents choisis parmi Dl, D2, D3, D4, D5, D6, D7, ou D8 divulgue toutes 
les caracteristiques de la revendication 1 et de la revendication 3, pour les raisons mentionnes 
aux paragraphes 1 k 25 et 42 k 43 ci-dessus. 

48. Ainsi, l'utilisation selon la revendication 4 se distingue de chacun des documents choisis 
parmi Dl, D2, D3, D4, D5, D6, D7, ou D8 en ce que le phyto-cestrogene isoflavone est extrait 
d'hypocotyles de soja. 

49. Or, D12 enseigne page 83, 4 ha6 paragraphe, que les isoflavones peuvent etre extraites 
d'hypocotyles de soja. 

50. Par consequent, il aurait ete evident pour un homme du metier, sans aucune demarche 
inventive, de combiner chacun des documents choisis parmi Dl, D2, D3, D4, D5, D6, D7, ou 
D8 avec D12, et de parvenir a l'objet de la revendication 4. 

51. En conclusion, l'objet de la revendication 4 est denue d'activite inventive au regard de 
Tun des documents choisis parmi Dl, D2, D3, D4, D5, D6, D7, ou D8 en combinaison avec 
D12. 



Revendication 5 

Absence de nouveaute au sens de Particle 54(2) CBE sur la base de D2 

52. En plus des caracteristiques mentionntes k Palinea 5 ci-dessus, il est egalement connu de 
D2 que le phyto-oestrog^ne isoflavone est extrait du trefle. 

53. Par consequent, toutes les caracteristiques de la revendication 5 sont egalement connues 
de D2, d&mant l'objet de cette revendication de nouveaute. 



Absence d'activitd inventive au sens de Particle 56 CBE sur la base de D2 

54. Si, par impossible, la revendication 5 venait k etre consid£r6e comme nouvelle au vu de 
D2, il y a alors lieu de considdrer la revendication 5 comme n'impliquant pas d'activite 
inventive, pour les memes raisons que mentionn6 ci-dessus au paragraphe 26. 

Absence d'activite inventive au sens de Particle 56 CBE sur la base de Pun des documents 
choisis parmi DL D3. D4. D5. D6, D7 ou D8. en combinaison avec D12 
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55. Le mode de realisation couvert par la revendication dependante 5 (utilisation d'un phyto- 
cestrogene isoflavone extrait du trifle) tombe dans le cadre des activitfe de routine de 
rhomme du metier, qui savait, k la date dont beneficie Pobjet de la revendication 5, a Paide 
de ses connaissances g^nerales (Cf. notamment D12), que les isoflavones phyto-oestrog&ies 
peuvent etre extraits du trifle. 

56. Selon une pratique tout k fait habituelle, Phomme du metier aurait 6t6 incite, en partant de 
Pun des documents choisis parmi Dl, D3, D4, D5, D6, D7, ou D8, k utiliser des isoflavones 
extraits du trifle, plut6t que du soja, pour parvenir k Pobjet de la revendication 5. 

57. II est par ailleurs k noter que la revendication 5 dependante ne semble r&oudre aucun 
probldme technique particulier. 

58. Au vu de ce qui precede, la revendication 5 n'implique pas une activite inventive. 



Revendication 6 

Absence de nouveaute au sens de Particle 54(2) CBE sur la base de chacun des documents 
choisis parmi D2. D3. D4. D5. D6. D7. ou D8 

59. En plus des caract&istiques mentionntes aux alin£as 5, 8, 1 1, 14, 17, 20 et 23 ci-dessus, il 
est egalement connu de D2 ou D3 ou D4 ou D5 ou D6 ou D7 ou D8 que la g&iist&ne ou la 
daidzeine est une isoflavone phyto-oestrogene. 

60. Par consequent, toutes les caracteristiques de la revendication 6 sont egalement connues 
de D2 ou D3 ou D4 ou D5 ou D6 ou D7 ou D8, denuant Pobjet de cette revendication de 
nouveaute* 



Absence d'activite inventive au sens de Particle 56 CBE sur la base de Dl en combinaison 
avecDIO 

61. Meme si Dl ne mentionne pas la nature exacte des isoflavones utilisees, il ne fait aucun 
doute qu'un homme du metier savait, k la date dont beneficie Pobjet de la revendication 6, a 
Paide de ses connaissances generates (Cf. en particulier D10) que la g&rist&ne, la daidzeine, 
ou leurs derives sont des isoflavones du soja. 

62. Au vu de ce qui precede,, la revendication 6 n'implique pas une activity inventive, au vu 
de Dl combing avec les connaissances generates de Phomme du metier illustrees par D10. 



Absence d* activite inventive au sens de Particle 56 CBE sur la base de D9 en combinaison 
avec DIP 

63. En plus des caracteristiques mentionnees a Palinea 27 ci-dessus, il est egalement connu de 
D9 que Pisoflavone utilisee pour traiter Posteoporose est la daidzeine. 
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64. Par consequent, Pobjet de la revendication 6 est d6nu6 d'activite inventive au regard de 
D9 combine k D10 pour les memes raisons que mentionne ci-dessus aux alin6as 27 k 3 1 . 



Absence d'activite inventive au sens de Particle 56 CBE sur la base de Dl 1 en combinaison 
avecDIO 

65. En plus des caracteristiques mentionnees k Palinea 32 ci-dessus, il est egalement connu de 
Dl 1 que 1'isoflavone utilis6e pour traiter Posttoporose est la g£nist&ne ou la biochanine A. 

66. Par consequent, Pobjet de la revendication* 6 est d£nu£ d'activite inventive au regard de 
Dl 1 combine k D10 pour les memes raisons que mentionne ci-dessus aux alineas 32 k 35. 

Absence d'activite inventive au sens de Particle 56 CBE sur la base de Pun des documents 
choisis parmi D2. D3. D4, D5. D6. D7 ou D8. ou leurs combinaisons 

67. Si, par impossible, la revendication 6 venait k etre consider comme nouvelle au vu de 
Pun des documents choisis parmi D2, D3, D4, D5, D6, D7, ou D8, il y a alors lieu de 
considerer la revendication 6 comme n'impliquant pas d'activite inventive pour les memes 
raisons que mentionne ci-dessus au paragraphe 26. 



Revendication 7 

Absence d'activite inventive au sens de Particle 56 CBE sur la base de D3 

68. En plus des caracteristiques mentionnees a Palinea 8 ci-dessus, il est egalement connu de 
D3 que le ratio genisteine/daidzeine des urines des femmes japonaises est de 1,3 (Cf. tableau). 

69. Comme D3 divulgue par ailleurs que l'excretion des isoflavones dans les urines est 
directement liee k Pingestion de produits a base de soja, le ratio g6nisteine/daidzeine des 
produits a base de soja ingeres est tres certainement similaire au ratio mentionne ci-dessus, et 
a tout le moins tombe de maniere evidente dans la plage 0,5 k 2. 

70. Au vu de ce qui precede, la revendication 7 n'implique pas une activite inventive. 

Absence d'activite inventive au sens de Particle 56 CBE sur la base de D7 

71. En plus des caracteristiques mentionnees k Palinea 20 ci-dessus, il est 6galement connu de 
D7 que le ratio genisteine/daidzeine des mines des souris est de 0,95 (Cf. tableau page 136, 
regime « soy+ »). 

72. Comme D7 divulgue par ailleurs que Pexcretion des isoflavones dans les urines est 
directement liee a Pingestion de produits a base de soja, le ratio genisteine/daidzeine des 
produits & base de soja ingeres est tres certainement similaire au ratio mentionne ci-dessus, et 
a tout le moins tombe de maniere evidente dans la plage 0,5 a 2. 
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73. Au vu de ce qui precede, la revendication 7 n'implique pas une activity inventive. 

Absence d'activite inventive au sens de Particle 56 CBE sur la base de Tun des documents 
choisis parmi Dl. D2. D4. D5. D6 ou D8 en combinaison avec les connaissances generates de 
rhomme du m&ier 



74. Le mode de realisation couvert par la revendication dependante 7 (ratio particulier en 
isoflavones) tombe dans le cadre des activites de routine de rhomme du metier. 

75. Selon une pratique tout a fait habituelle, Phomme du metier aurait 6t6 incite k pr6ciser 
tegfrement Putilisation telle que d£crite dans l'un des documents choisis parmi Dl, D2, D4, 
D5, D6 ou D8 k Paide de simples mesures de routine pour obtenir un ratio particulier en 
genist&ne/daidz&ne, et parvenir ainsi k Pobjet de la revendication 7. 

76. II est par aillenrs a noter que la revendication 7 ne semble resoudre aucun probleme 
technique particulier. 

77. Au vu de ce qui precede, la revendication 7 n'implique pas une activity inventive. 



Revendication 8 

Absence d'activite inventive au sens de Particle 56 CBE sur la base de D9 en combinaison 
avec DIP 

78. En plus des caracteristiques mentionnees a Palinea 27 ci-dessus, il est egalement connu de 
D9 que Pisoflavone phyto-cestrogene est administree a raison de 200 a 600 mg par jour sous 
forme de dose unitaire (Cf. page 7, lignes 31 k 32). . 

79. Par consequent, la revendication 8 n'implique pas une activity inventive au vu de D9 
combine avec D10 pour les m ernes raisons que mentionn6 ci-dessus aux alin6as 27 k 31. 

Absence d'activite inventive au sens de Particle 56 CBE sur la base de Dll en combinaison 
avec DIP 

80. En plus des caracteristiques mentionnees k Palinea 32 ci-dessus, il est 6galement connu de 
Dl 1 que Pisoflavone phyto-cestrogene est administree a raison de 200 a 1000 mg par jour. 

81. Par consequent, la revendication 8 n'implique pas une activite inventive au vu de Dll 
combine avec D10 pour les memes raisons que mentionn6 ci-dessus aux alin6as 32 k 35. 

Absence d'activitS inventive au sens de Particle 56 CBE sur la base de Pun des documents 
choisis parmi Dl. D2, D3. D4. D5. D6. D7 ou D8 en combinaison avec les connaissances 
g&i6rales de Phomme du metier 
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82. Le mode de realisation couvert par la revendication dependante 8 (dose particuli&e ea 
isoflavones) tombe dans le cadre des activity de routine de Phomme du metier. 

83. Selon une pratique tout k fait habituelle, l'homme du metier aurait 6t6 incite k pr&iser 
legerement Putilisation telle que dforite dans Tun des documents choisis parmi Dl, D2, D3, 
D4, D5, D6, D7 ou D8 k l'aide de simples mesures de routine pour obtenir une dose 
particuli&re en isoflavones, et parvenir ainsi a Pobjet de la revendication 8. 

84. II est par ailleurs k noter que la revendication 8 ne semble resoudre aucun probleme 
technique particulier. 

85. Au vu de ce qui precede, la revendication 8 n'implique pas une activity inventive. 



Revendication 9 

Absence d'activite inventive au sens de Particle 56 CBE sur la base de Tun des documents 
choisis parmi Dl« D2> D3, D4, D5« D6. D7 ou D8 en combinaison avec les connaissances 
general es de l'homme du metier 

86. Le mode de realisation couvert par la revendication dependante 9 (duree d'administration 
particulifere) tombe dans le cadre des activites de routine de l'homme du metier. 

.87. Selon une pratique tout k fait habituelle, l'homme du metier aurait et6 incite a preciser 
16g&rement Putilisation telle que dScrite dans l'un des documents choisis parmi Dl, D2, D3, 
D4, D5, D6, D7 ou D8 k l'aide de simples mesures de routine pour obtenir une duree de 
traitement particuliere, et parvenir ainsi k Pobjet de la revendication 9. 

88. II est par ailleurs a noter que la revendication 9 ne semble r£soudre aucun probleme 
technique particulier. 

89. Au vu de ce qui precede, la revendication 9 n'implique pas une activity inventive. 



Revendication 10 

Absence de nouveaute au sens de Particle 54(2) CBE sur la base de chacun des documents 
choisis parmi Dl. D4. D5. D6. ou D7 

90. En plus des caracteristiques mentionnees aux alineas 1, 1 1, 14, 17 et 20 ci-dessus, il est 
egalement connu de Dl ou D4 ou D5 ou D6 ou D7 que Pextrait phyto-cestrogene inclut des 
coumestanes, des lignanes et des flavones. 

91. Par consequent, toutes les caracteristiques de la revendication 10 sont egalement connues 
de Dl ou D4 ou D5 ou D6 ou D7, d6nuant Pobjet de cette revendication de nouveaute. 

Absence d'activite inventive au sens de Particle 56 CBE sur la base de Pun des documents 
choisis parmi DK D4. D5, D6 ou D7 ou leurs combinaisons 
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92. Si, par impossible, la revendication 10 venait a etre consid£r6e comme nouvelle au vu de 
Tun des documents choisis parmi Dl, D4, D5, D6 ou D7, il y a alors lieu de considerer la 
revendication 10 comme n'impliquant pas d'activitS inventive. 

Absence d'activite inventive au sens de Particle 56 CBE sur la base de Tun des documents 
choisis parmi D2 ou D3 en combinaison avec D12 

93. Meme si D2 ou D3 ne mentionne pas explicitement que le soja ou le tr&fle contient des 
coumestanes, des lignanes et des flavones, il ne fait aucun doute qu'un homme du metier 
savait, a la date dont b&i6ficie l'objet de la revendication 10, k 1'aide de ses connaissances 
generales (Cf. en particulier D12) que l'extrait de soja ou de trifle contient des coumestanes, 
des lignanes et des flavones. 

94. Au vu de ce qui precede, la revendication 10 n'implique pas une activity inventive, au vu 
de D2 ou D3 combing avec les connaissances generales de Phomme du metier illustrees par 
D12. 



Revendication 11 

Absence d'activit^ inventive au sens de Particle 56 CBE sur la base de D9 en combinaison 
avec DIP 

95. En plus des caracteristiques mentionntes k 1'alinSa 27 ci-dessus, il est Sgalement connu de 
D9 que le m6dicament est administr6 sous forme de comprint ou capsule (Cf. revendication 
2, et page 7, lignes 34 k 35). 

96. Par consequent, la revendication 1 1 n'implique pas une activity inventive au vu de D9 
combing avec D10, pour les memes raisons que mentionne ci-dessus aux alineas 27 k 3 1. 

Absence d'activite inventive au sens de Particle 56 CBE sur la base de Tun des documents 
choisis parmi Dl. D2. D3. D4. D5, D6. D7 ou D8 en combinaison avec les connaissances 
pfeifrales de Phomme du metier 

97. Le mode de realisation couvert par la revendication dependante 1 1 (forme du dosage 
unitaire) tombe dans le cadre des activites de routine de Phomme du metier. 

98. Selon une pratique tout a fait habituelle, l'homme du metier aurait 6t6 incite k prdciser 
tegerement Tutilisation telle que decrite dans Pun des documents choisis parmi Dl, D2, D3, 
D4, D5, D6, D7 ou D8 k Paide de simples mesures de routine pour obtenir une forme de 
dosage unitaire particuli£re, et parvenir ainsi a Pobjet de la revendication 11. 

99. H est par ailleurs a noter que la revendication 1 1 ne semble resoudre aucun probleme 
technique particulier. 
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100. Au vu de ce qui precede, la revendication 1 1 n'implique pas une activite inventive. 



Conclusion 

Au vu de ce qui pr£c&te, le brevet oppos6 viole Particle 100(a) CBE, dans la mesure ou toutes 
les revendications sont consider&s comme non brevetables. 

La requete d'une revocation totale du brevet est done justifi6e. 



II. Article 100 (b) 

Le brevet oppose ne divulgue pas ^invention d'une maniere suffisamment claire et complete 
pour qu'elle puisse etre executee par un homme du metier. 

Le brevet ne fournit aucun exemple, ni aucune donnee experimentale ou etude clinique 
permettant de montrer que Pextrait isoflavone phyto-oestrogene de soja ou de trefle est en 
mesure de traiter efficacement le traitement des symptomes associes a la menopause ou le 
cancer de la prostate. 

Conclusion 

Au vu de ce qui precede, il est requis la pleine revocation du brevet oppos6 en vertu de 
1' article 100(b) CBE. 



Les motifs precit£s s'opposent au maintien du brevet attaqud. 
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Opposition au brevet EP 656 786 
Nosref. : E21586- FA/EL 



Messieurs, 

Vous voudrez bien trouver ci-joint un memoire d'opposition que nous deposons au 
nom des societes Laboratoires ARKOPHARMA, PHYSCLENCE, LABORATOIRE 
OENOBIOL, LABORATOIRE LPH, TOURNAY BIOTECHNOLOGIES, LEA 
LNSTITUT VITAL, LABORATOIRE THERAMEX, JUVA, NUTRINOV, 
NUTRITION ET SANTE, et par lequel nous demandons la revocation du brevet EP 
656 786 dont le titulaire est la societe NOVOGEN RESEARCH Pty Ltd et delivre le 15 
septembre 2004, pour les motifs exposes dans ledit memoire. 

Nous joignons 6galement la taxe d'opposition pour le paiement de laquelle nous vous 
remercions de debiter notre compte n° 28040004. 



Nous vous prions d'agreer, Messieurs, l'expressiondJe nos salutations distinguees. 



Pj : Memoire d'opposition (2 ex) 
Formulaire d'opposition (2 ex) 
Bordereau de taxe (4 ex) 
Documents Dl a D12 (2 ex) 
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The emphasis in undergraduate medical education is 
often on the theoretical aspects of medicine rather than 
the practical aspects. Practical procedures are com- 
monJy--taught--informalJy, the~teachin 
from one junior to the next.' The philosophy is of "See 
one, do one, teach one." Urethral catheterisation is a 
procedure that requires a certain amount of skill, 
knowledge, and experience and is not without com- 
plication,*' 4 yet it is usually delegated to the most junior 
and inexperienced medical staff, the junior house 
officers. 



Subjects, methods, and results 

To assess the level of competence at catheterisation 
among junior medical staff house officers at this 
hospital were interviewed with a structured question- 
naire, covering three aspects of the procedure: the 
degree of undergraduate and postgraduate instruction, 
the practical and theoretical aspects of catheterisation, 
and, finally, problems and complications encountered. 

Thirty junior house officers (graduates of five 
medical schools) were interviewed. Eighteen were 
male and 12 were female. The replies to the question- 
naire showed that none of the interviewees had received 
any formal instruction regarding any aspect of urethral 
catheterisation as an undergraduate. Practical post- 
graduate instruction in 24 was limited to supervision of 
a single catheterisation, and four subjects were 
unsupervised. Although those interviewed had per- 
formed a mean of 28 (range 6-100) catheterisations in 
male patients, only four of them had catheterised 
female patients. 

Despite the large number of procedures performed 
there was appreciable ignorance of the practical and 
theoretical aspects of catheterisation. Twenty five 
interviewees were unaware of the availability of short 
term and long term catheters or of the duration for 



which they may be safely left without being changed. 
Three interviewees simply used the catheter that was 
provided by the nursing staff, and one did not know 
that different sizes existed. 

Twenty eight interviewees initially used force when 
meeting resistance to the passage of the catheter, and 
13 stated that the development of fresh urethral 
bleeding would not deter them from a further attempt 
at catheterisation. Eighteen were happy to attempt 
catheterisation in a patient who had a known urethral 
stricture. Five interviewees were unaware of the 
difference between a phimosis and paraphimosis. 

Despite the lack of formal tuition all had developed 
what seemed to be a satisfactory aseptic technique. 
None, however, was aware of the nature of the anti- 
septic fluid or the strength of the local anaesthetic gel, 
but simply used what was provided by the nursing staff. 

Nineteen of the interviewees had encountered bleed- 
ing and six had had patients in whom a paraphimosis 
had developed after catheterisation. A particularly 
disturbing finding was that, although 14 interviewees 
had requested help from senior medical staff, seven 
were reluctant to seek advice, because of their impres- 
sion that difficulties with catheterisauon were not 
worthy of disturbing senior staff. Eight of the 12 
female medical staff had encountered problems with 
male patients becoming sexually excited during the 
procedure. 



Discussion 

The results of our survey suggest that the technique 
of urethral catheterisation is poorly taught, and in the 
light of these results we are preparing a short teaching 
video to be shown to every house officer at the start of 
their preregistration post. 
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Oestrogenic effects of plant 
foods in postmenopausal 
women 



Gisela Wilcox, Mark L Wahlqvist, 
Henry G Burger, Gabriele Medley 



Crops grown as animal pasture are known to have 
oestrogenic activity,' and some foods contain potential 
oestrogenic analogues such as the isoflavonoids 
(isoflavones and coumestans), lignans, and resorcyclic 
acid lactones, 2 which may be activated or inactivated. 1 
We studied the effect of three foods reported to 



induce vaginal oestrus in laboratory animals 4 in post- 
menopausal women not taking oestrogen replacement 
■ therapy. 



Subjects, methods, and results 

We studied 25 postmenopausal women who were 
non-smokers, in good general health, and taking no 
drugs known to affect oestrogen state (mean age 59 
(range 51-70); body mass index 24-4 (range 18*7-31-6) 
kg/m : ; years after menopause 8-1 (range 1-20)). The 
protocol was a latin square design with a two week run 
in period and a six week experimental period. The 
women recorded their normal diet for 14 days and were 
asked to repeat the fortnightly diet throughout the 
study. During the experimental period the diet was 
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supplemented with soya flour (45 g daily), red clover 
sprouts (10 g dry seed daily), and linseed (25 g 
daily), each for two weeks in turn. To check compliance 
the women returned residual food. Blood samples were 
taken weekly and lateral wall vaginal smears taken 
fortnightly and at follow up two and eight weeks after 
supplementation finished. Analysis was on intention to 
treat, but 23 women completed the study. 

We examined the dependent variables vaginal cell 
maturation and serum concentrations of lutein ising 
hormone and follicle stimulating hormone. The 
cumulative effects of the three foods at six weeks were 
compared with baseline by the paired t test, as were the 
residual effects, two and eight weeks after the last food 
supplement- We found significant differences in 
vaginal cvtology after six weeks* supplementation 
(p<0*01, 95% confidence interval 6 0 to 1.7-6), which 
persisted for two weeks after treatment (p<0 02), but 
cytology returned to baseline after eight weeks (table). 

Mean (SE) values for oestrogenic indicators in postmenopausal women 
consuming phyto-wstwgcns 
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sources of oestrogenic activity. Conversely, tamoxiten, 
an antioestrogen, can have oestrogenic effects on 
vaginal cytology/ 

Patterns of food intake may modulate the severity of 
the menopause as it is an oestrogen deficiency state. 
Up to half of the diet of some populations may 
comprise foods containing phyto-oestrogens, whereas 
in our study such foods comprised only about 10% of 
energy intake for a fairly short time. Whether meno- 
pausal symptoms differ in such populations would be 
worth investigation. 

We thank our statistical adviser, Steve Farrish, from the 
department of social and preventive medicine, Monash 
University. 
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The maturation value significantly increased after soya 
flour (p<0-05) and linseed (p<0*02) but not after red 
clover sprouts (p = 0 ■ 11 ). 

All women had concentrations of follicle stimulating 
hormone and luteinising hormone greater than those in 
the premenopausal range of 2-8 IU/1 and 6-13 IU/1 
respectively. There was a cumulative effect on serum 
concentrations of follicle stimulating hormone 
(p<0*05) but not on luteinising hormone over the six 
week supplementation period. Individual two week 
food supplements had no measurable effects on either 
hormone, 

In seven women with the most pronounced changes 
in vaginal cytology we measured serum oestradiol 
concentrations weekly. Baseline concentrations were 
<70 pmol/1 in all but one woman, who was retained as 
the study was based on intention to treat. There were 
no appreciable changes in body weight during the 
studv. 



Comment 

We aimed to consider whether phyto-oestrogens 
were of consequence in human nutrition. Our study 
gives some indication of the recovery time from any 
possible effect of treatment and also provides further 
evidence of causality. Vaginal maturation is a sensitive 
and specific indicator of oestrogenicity. Follicle 
stimulating hormone is less sensitive to weak oestro- 
genic compounds such as phyto-oestrogens. Weak 
oestrogenic compounds may sometimes act as anti- 
oestrogens, which may affect their usefulness as 
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Correction 

Incidence of peptic ulcer disease in Gothenburg, 1985 
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Herbal Help to Avoid 
Menopause 

Symptoms 





The aim oi' this article is to provide 
information on non-harmful 
ways of overcoming the problems 
of menopause. 

The information given may also be 
applicable to women who already have 
osteoporosis or for younger women who 
have had their ovaries removed, however 
these two categories of women should 
seek professional guidance, 

SOME STATISTICS 

Twenty- five per cent of women in 
the 45-55 age range have no menopausal 
symptoms. Of the 75 per cent who have 
problems, the following is a breakdown 
of the symptoms: 

Mushing and sweats 80% 
Lethargy 70<?o 
Nervous problems such as 
anxiety, depression, irritability 70% 
Reduced sex drive 65% 
Insomnia 60% 

Other symptoms include hair and 
skin changes, poor memory and lack of 
concentration, headaches, dry vagina, 
pain during intercourse, loss of confi- 
dence, loss of femininity and urinary 
symptoms. Of course, not all of these arc 
necessarily linked to low oestrogen levels 
and could be related to dietary and 
lifestyle factors and the 'normal' aging 
process. After middle age, men also find 
they have less energy, a lower sex drive 
and generally sleep less. 

Osteoporosis is the most serious 
problem associated with menopause 
because as much as 50 per cent of total 
bone mass may be lost by the time a 
woman reaches 70 years of age, which 
means that bones can fracture easily and 
healing may be prolonged. This disease 
does not affect all regions - it is rare in 
African Negroes and there are areas 
where it affects more men than women. 
In Australia, it is estimated that about 25 
per cent of post-menopausal women 
have osteoporosis. I will deal with this 
in detail next issue 

What happens when the 
ovaries stop functioning? 

The major factor is the lowered 
production of oestrogen. However, this 
hormone can be produced in other 
glands, such as the adrenals, but obvi- 
ously, in many women, this does not 
occur quickly enough or in sufficient 
quantities. Basically, the hormonal 
system works on a feedback system; 
when the circulating levels are high, a 
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chemical 'messenger' instructs uur en- 
docrine system not to produce any more 
of that particular hormone. Obviously, 
if wc flood pur sy&tem with a hormonal 
drug, the messages to our endocrine 
system will be to stop production. This 
may explain why some women do not 
menstruate for varying periods when 
they stop taking the Pill. 

Most menopausal-age women will 
need lo give their bodies as much 
assistance a* possible so that sufficient 
oestrogen is produced to offset flushing 
ajid other symptoms. In nearly every 
case, this apparently happens over a 
period of lime as the obvious symptoms 
gradually lessen and disappear. This 
added function of the adrenals may 
partly explain why some women have 
difficulty handling stress at menopause. 

The controversial topic of hor- 
monal replacement therapy will be 
discussed in detail lata but in view of this 
feedback mechanism, it may not be wise 
to completely dampen the corrective 
biological function which already exists. 

1 am not suggesting that wc can 
avoid the inevitability of aging, but 1 
can't accept that whatever power 'de- 
signed 1 us also programmed that we were 
predestined to suffer a range of serious 
problems after middle age. Wc must be 
doing something wrong or there must 
be non-harmful methods of preventing 
the symptoms. 

OESTROGENS IN FOODS 
AND HERBS AND HOW TO 
USE THEM 

Since the 1920s over 50 different 
species of plant have been found to 
contain ocstrogenic substances. Most of 
the published research papers relate to 
the effects on animals, particularly in 
respect of clovers and alfalfa (lucerne) 
causing infertility in farm animals. It so 
happens that a number of these plants 
have been used by herbalists over the 
centuries and this 'tested 1 use on humans 
has verified the hormonal effect. The 
tiny quantities of oestrogens in plants are 
extremely weak compared to pharma- 
ceutical hormones but many women 
alleviate symptoms through sensible 
dietary changes. 

Some of these oestrogen-containing 
plants are: 



The sprouts arc particularly recom- 
mended as i hey have the added advan- 
tage of being very low in calorics, readily 
available in shops or you can make your 
own, palatable in salads or sandwiches, 
mildly alkaline and rich in nutrients, 
especially calcium and potassium. 

Alfalfa sprouts arc somewhat con- 
troversial at the moment as the Gerson 
Institute in Mexico has reported that they . 
suppress the immune system and aggra- 
vate conditions such as rheumatoid 
arthritis and systemic lupus erythema- 
tosus (Sl.fc'). The origin of this report 
was that two women had seemingly 
reactivated SLE following the ingestion 
of 10 and 15 alfalfa tablets per day. A 
particular constituent, L-c&navanine, 
was extracted from alfalfa and when this 
isolated extract was given to susceptible 
animals, SJ.H was reactivated. 

My own view is that, as SUE is a 
condition which has relative periods 
of aggravation and remission, it would 
be difficult to 'blame 9 one particular 
- dietary item. Over 25 pharmaceuticals 
exacerbate the disease, isolated extracts 
of plants arc in the nature of drugs and 
one would therefore expect side-effects 
and, most importantly, if this type of 
criterion ;were applied to almost any 
edible food, there would be very little left 
for us to eat. However, it may be prudent 
for sufferers of SLE to avoid alfalfa, 
all sprouted seeds and legumes, such as 
lentils, because these also contain the 
suspected irritant. 

Red Clover 

This is commonly sold as a herbal 
tea but 1 suggest you buy the seeds and 
sprout them. Please do not pick the 
clover yourself because the medicinal 
species, called Trifolium pratense, is 
difficult to distinguish from some non- 
edible clovers. Red clover is also used 
by professional herbalists for skin and 
respiratory conditions. 

Sage 

The common garden sage or red 
sage is used. 1 1 is better to grow you r own 
but sage can be difficult to cultivate, 
mainly became it prefers a light, well-' 
drained soil. 

. Sage has been used for centuries for 
excess sweating and heat, and scientific 
research has confirmed its oestrogen 
content. The best way to prepare it as a 
remedy for flushing is lo soak two 



74 Australian MUteing /Va 29 '!« 



tablespoons of finely chopped fresh 
leaves (or one tablespoon dried) in 
500 ml. tepid water with the juice of a 
lemon. Leave ti Stand in a covered jar 
overnight. Strain and keep in the fridge. 
In severe cases you would drink the 
whole quantity throughout the day: 
where the symptoms are relatively minor, 
then the 500 mL could be spread over 
two or three days, to make it more 
palatable, you could mix it with a fruit 
or vegetable juice, or add in some 
crushed fennel or aniseed. The high dose 
may need to be used for up to four weeks, 
then it could be gradually reduced to a 
cup per day. 

The old sage you have had hi your 
cupboard since two Christ mases ago 
probably no longer retains any thera- 
peutic properties; good-quality dried 
sage will still have a reasonably good 
colour and its characteristic strong 
odour. 

Parsley 

This common culinary herb has 
oestrogen-like activity and I would sug- 
gest a handful per day; it may not be wise 
to use larger quantities because of the 
,myrisucin and apiol content. 

Aniseed 

Use the crushed seeds as a herbal tea 
or in cooking, for example in home- 
made bread. The seeds could also be 
added to apple cider vinegar and used 
in salad dressings. Finely chopped fresh 
leaves can be added to salads, steamed 
vegetables and soups. Aniseed is also 
helpful for minor digestive problems and 
coughs. 

Fennel 

The seeds and finely chopped fresh 
*x leaves can be used in a similar way to 
j) aniseed. There is one species of fennel 
(Florence) which develops a bulb-like 
base and this may be used like celery 
or lightly steamed. Some greengrocers 
call it aniseed root. Wild fennel is a 
common weed and, although the seeds 
and leaves could be used, this plant is 
often contaminated with environmental 
pollutants. 

Similar culinary herbs, such as dill 
and caraway, probably contain mild 
oestrogen-Jike substances. 

Hops 

Some health-food stores sell dried 
hops. It is somewhat bitter, which may 
also stimulate the digestive function, 
but I he lea should be made quite weak 
otherwise it is not very palatable. An 
important feature of hops is that it has 
a sedative function and for this reason 
herbal extracts of hops are not used by 
professional herbalists where there is 
depression. Many people find that hops 
• helps with insomnia - a herbal pillow 
using dried hops can be quite beneficial. 



I he hormonal content of hops has 
been verified; females harvesting it have 
altered menstrual periods solely from 
external contact. 1 am not sure whether 
or not beer, after all the processing, 
would retain any ocslrogenic properties. 

Soya Beans 

Sprouts arc the best way to have 
these, particularly as the sprouting 
dramatically increases the oestrogen 
content. However, they arc quite difficult 
to sprout because lliey go mouldy and 
smelly if not washed and drained 
thoroughly and often. They are amaz- 
ingly tasty but wait until you have 
learned to sprout alfalfa and mung beans 
before trying them. 1 add soya bean 
sprouts to salads or use them to thicken 
soups and casseroles. 

Dried soya beans need to be soaked 
and cooked for a long time and they are 
probably best used in soups and cas- 
seroles but there are many ways of 
preparing ihcra to make them more 
appetising. They are cheap, an excellent 
protein when combined with a grain 
and have other benefits, such as being 
protective against atherosclerosis. 

If you don't normally eat dried 
beans then you must start with small 
quantities, soaked overnight and very 
well cooked, otherwise you will probably 
have severe abdominal colic and flatu- 
lence. This is partly because certain 
enzymes have to be activated to handle 
such foods and your digestive system 
needs time to adjust. 

Soya beans are also a leguminous 
plant so, theoretically, could have the 
same cautions as indicated under alfalfa. 

Dried ted beans and common green 
beans are also mildly oestrogenic so 
could be included in the diet on a regular 
basis. 

: There is some evidence that all 
young sprouts, including sprouted grains 
. and legumes, have oestrogenic proper- 
ties and, as sprouts are cheap, pesticide 
and chemical free, rich in nutrients and 
low in calories, 1 recommead that you 
learn how to do your own and have at 
least one cup per day if you arc a meno- 
pause-age female. You can buy small 
paperback books giving you basic in- 
structions for sprouting and use jars, so 
the starting equipment is not expensive. 

Some words of warning: When 
using seeds to sprout, never use those 
that are intended for agricultural pur- 
poses because they would have been 
treated with fungicides or other chemi- 
cals which are potentially dangerous. 

Fenugreek 

Contains precursors of proges- ' 
terone, another female hormone com- 
monly deficient in menopausal women. 
Unfortunately, the curry-Ukc smell is 
readily excreted through the skin but 
this is not so noticeable if the seeds are 
sprouted. 



There are other herbal and naturo- 
pathic remedies for menopausal prob- 
lems but these are not normally available 
at retail outlets so you would need to visit 
a practitioner to obtain these. As with 
most health problems, there are mild 
symptoms which require no treatment 
or simple home remedies: then there 
are other instances where professional 
naturopathic advice is helpful and 
appropriate; and, finally, there are severe 
cases which require medical diagnosis 
and treatment. 

OTHER SUGGESTIONS 

Potassium sulphate, used in the 
form of tissue salts, may be helpful for 
flushing. Use the dosage on the Label, but 
take double the dose for the first week. 

Vitamin £ has also alleviated some 
cases of flushing; furthermore, a study 
on rats showed that a. vitamin E defi- 
ciency leads to lower bone weight. As this 
vitamin has benefits to the cardiovas- 
cular system, a supplement of 500 per 
day would do no harm and may give 
marked benefits. 

Ggarette smoking tends to bring on 
early menopause and is not recommen- 
ded for this and other well-publicised 
reasons. 

Low-calorie diets arc not recom- 
mended for a number of reasons which 
are given later, but one important factor 
is that fat cells are able to convert hor- 
mones from the adrenal glands into 
oestrogen. Although modem women, 
including myself, don't want or need to 
be obese, it may be that 'nature 1 intended 
us to carry more weight as we age. 

Readers may be interested in a few 
snippets from some of the research 
materia! which I have collected: 

Journal of Food Protection, Vol.42, 
July 1979, states that 'human exposure 
to dietary oestrogens is below physio- 
logical levels ...but the possibility of 
metabolic alterations to more or less 
active forms should not be ignored since 
effects of this kind have been demon- 
strated in experimental animals,' 

Oestrogenic Constituents of Forage 
Plants. CM. Bkkoff, Review Scries 
1/1968, published by the Common- 
wealth Bureau of Pastures and Field 
Crops, Hurley, Berkshire, reports thai 
the classical infertility syndrome in ewes 
is associated with the cumulative effects 
of exposure to oestrogenic feeding for 
six months or longer, but short-term 
exposure has also caused reproductive 
disturbances. 1 

The effect of oestrogenic plant 
substances is judged by changes in the 
anatomy of animals, for example in- 
creased uterine and ovarian weight, teat 
length and thicker vaginal skin. 

A particularly interesting piece of 
. research has shown that genistein, a 
weak plant oestrogen, is able to displace 
oestradiol from receptors in the tissues 
which could explain why some herbal 
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remedies are traditionally used for 
'balancing' hormones. 

Hoth the liver and the kidneys have 
a capacity for converting and d cacti vai- 
iiig different types of ocsuogctis; there 
are also other regulatory mechanisms, 
such as the prostaglandins. 

HORMONE 

REPLACEMENT THERAPY 

Although mainstream medical 
opinion supports hormone replacement 
therapy, it is somewhat controversial. 
Few disagree with the fact that it prevents 
the worsening of osteoporosis in post- 
menopausal females but the main dis- 
advantage is in the potential sidc-cf fects. 
The current scientific thinking is that 
. if both oestrogen and progestogen arc 
lakpn together there is less risk of cancer. 
lamusingDepo-Provera and Premarin 
as examples because a lady I saw recently 
had been prescribed these for meno- 
pausal flushing and she had written to 
the two manufacturers for information. 
The manufacturer of Pretnarin sent back' 
22 pages of reports and a book , all giving ■ 
glowing testimonials and other infor- 
mation but only a few fragments about 
risks. The manufacturer of Depo- 
Provera sent a copy of the official 
package insert, with all the contrain- 
dications and side-effects, along with a 
letter which stated that *as adjunct to 
cyclic oestrogen therapy (including 
Premarin) Dcpo-Provera is not recom- 
mended but it is still definitely used by 
. medical practitioners 1 . 

Depo-Provcra 

The contraindications and warn- 
ings for this drug include thrombo- - 
embolic disorders (clotting), cerebral 
apoplexy (stroke), impaired liver func- 
tion, undiagnosed vaginal bleeding and 
) cerebrovascular (heart and circulatory) 
disorders. 'In cases of partial or com- 
plete loss of vision, sudden onset of 
proptosis (displacement of an organ), 
double vision, migraine associated with 
retinal vascular lesions, medication 
should be withdrawn.' The drug caused 
malignant breast nodules in animals. 
Other problems include fluid retention, 
breakthrough bleeding and depression. 
It is not approved for contraception 
because of unresolved questions relating 
to its safely for this purpose. Clinically, 
it is said that the drug is well tolerated 
although animal studies show that it 
possesses adienocorticoid activity and 
female masculinisation.. 



Premarin 

This drug is ^probably effective for 
oestrogen deficiency-induced osteo- 
porosis only when used in conjunction 
with other important measures such as 
diet, calcium, physiotherapy and good 
general health-prompting measures'. 
The contraindications and cautions 
include impaired liver function, breast 
cancer (with some exceptions), thrombo- 
embolic disorders, undiagnosed abnor- 
mal genital bleeding and pregnancy. It 
should not be given to women with re- 
current chronic mastitis and abnormal 
mammograms. It should only be pre- 
scribed following a complete breast and 
pelvis examination. Because the body 
produces variable amounts of oestrogen, 
relative overdosage may occur which 
could lead to uterine bleeding, painful, 
swollen breasts and fluid retention. Drug 
oestrogens need to be used with care 
in cases of epilepsy, migraine, asthma, 
heart or kidney disease. Side-effects 
include nausea, abdominal cramps Mid 
bloating, breast tenderness, changes 
in body weight, allergic rash and gall- 
bladder complications. 

When the two are prescribed to- 
gether, there is often a monthly .bleed. 

I f you are one of those people who 
bcucve that 4 it would not be allowed by 
the government if there were risks 
involved*, I suggest you read the infor- 
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mat ion for yourself in Mims Annual 
which is available a( most libraries. 

A report in the New ISnglatid 
Journal of Medicine, 19 June 1986. • 
states that 'oral administration of oes- 
trogens is inefficient, produces a non- 
physiologic pattern of breakdown 
products and increases undesirable levels 
of certain liver proteins'. The aniclc 
examines the use of transdermal oestro- 
gen therapy (skin patches) which would 
provide levels equivalent to those pro- 
duced naturally. However, according to 
Modern Medicine in Australia, August 
1986, transdermal oestrogen does not 
prevent osteoporosis. 

Mainstream medical reports recom- 
mend oestrogen, used in conjunction 
with progesterone, *as being the most 
effective therapy for preventing frac- 
tures* and a number of international 
experts suggest that all women should be 
considered probable victims and thai 
hormone replacement therapy should 
begin soon after menopause in women, 
unless there are specific contraindi- 
cations. The reasons for this are that 
at this stage there arc no practical 
methods of clearly preselecting those 
at risk and tests show that it is the only 
therapy that clearly prevents further 
bone deterioration. 

The critics point out that although 
adding progesterone to the therapy prob- 
ably reduces the risk of endometrial 
cancer, there is insufficient data about 
the long-term safety or benefits - it only 
treats the symptoms and is unlikely to 
help the body re-establish its own state 
of internal harmony. 

A pamphlet issued by the NSW 
Department of Health states that you 
should 'think carefully about whether 
or riot you want hormone replacement 
therapy*. Some of ray patients have 
understood from their medical con- 
sultations that hormone replacement 
therapy prevents cancer and cardio- 
vascular disease, which is not true, 
l'aticnts who are under this impression 
should discuss litis matter with their 
practitioners. 

The fact that a substance can pre- 
vent further bone breakdown does not 
necessarily mean that lack of it caused 
the problem, just as >fohum helps you 
sleep but lack of it did not cause your 
insomnia. 

In any event, most experts agree that 
there are clearly individuals who should 
not undertake hormonal replacement 
therapy and such people can use the non- 
harmful suggestions in this article. 

No one enjoys being wrinkled and 
cranky but it is generally conceded that 
hormonal replacement therapy is not 
appropriate for cosmetic and emotional 
purposes. 0- 

Next issue Osteoporosis and calcium 
requirements. 

Nancy Beckham is the author of The Family 
Guide lo Natural Therapies, Greenhouse 
Publications, recommended retail price S24SS. 
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in newborn babies support an esxnnal role for n-3 fcety acids in 
rennai development. 1 7 

The DHA content of erythrocytes ts small compared with that of 
grey-rnaner, but (he fatty add composition of the erythrocyte 
membrane may indicate the fany and status of neural and perhaps 
other membranes. Duong the penod of most rapid DHA 
nS? ^ * dcvcto P«"8 ™ . diet-induced changes in ncurai 
DHA are reflected cn red blood cell DHA.* 

production „d perhaps by dus means influence uienne 
pcangbodms and gestation time. In the Faroe Islands, where 
fcrthweights are amongst the highest in the world wilh k>™ 
gestaoon penodsand rapid feulgrowm, me intake of manne fat nch 
» n-3 fatty aads is high and erythrocyte DHA values in 
women were found to bealmos, twice those in normal indiZZ^ 
otner countries. 

The lower erythrocyie DHA found in patient, on epoetin could 
be due to m increased requirement lb, d* n-3 ferry Su , £1 , 

ntc-teuKd producoon of DHA. Howe*,, pbyna DHA value, 
wercnoHow.wtud, rah* thr posibibry of a drf«of incorpo™^ 
of ttufatcy ,cd into the membrane in patient, on haemodial«o 

lC£T T ?"* P"*""' «" "inie effect on red cell 
funcoon and may beof minor importance „ adula, ■ ■ f 

epoeon. Unlike the adult, (he feru. require. DHA in quantity for 
d T d0 !" n 8 "w>» »ys»n, and haemodialy*d Ljeno do 
become pregnant For reason, not fully understood, 
pregnancy m uraemia n auoaated with a high risk or premature 
Ubour and retarded feral growth.' A lacfcof DHA JZmZ ' 
detnmenal to the fetu.. and our rauta indicate that in a uraerruc 
pregnant woman on haemodialysi,, low quantities of membrane 
DHA could be one of the haari, to which the ferus barncSo 5 
Became epoeon give, roe to even lower membrane DHA coW 
« « could increase thereto the fenn: „-3 fare, «dd ta£ 
lupplement, are indicated. <wuy 
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Dietary phyto-oestrogens and the 
menopause in Japan 
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Western diet and Western diseases: some hormonal 
and biochemical mechanisms and associations 

HERMAN ADLERCREUTZ 

Department of Clinical Chemistry. University of Helsinki, Meilahti Hospital. Helsinki, Finland 



Adlercreutz H. Western diet and ^Western diseases: some hormonal and biochemical 
mechanisms and associations. Scand J Qin Ub Invest 1990; 50 Suppl 201: 3-23. 

Breast cancer, prostate tancer, coronary heart disease and colon cancer belong to the 
soiled Western diseases and a general opinion is that dirt is a significant or even the 
main factor increasing incidence and mortality of these diseases in the Western world. 
This review describes studies carried out in this department for about 10 years, many 
in coTlaboration with scientists abroad, and with the aim to clarify some of the 
connections between the diet and sex hormone, lipid and bile acid metabolism. A 
Wes^m-type diet elevates plasma levels of sex hormones and decreases the sex 
hormone binding globulin concentration, increasing the bioavailability of these 
steroids The same diet results in low formation of mammalian lignans and isoflavonic 
phytoestrogens. These diphenolic compounds seem to affect hormone metabolism and 
production and cancer cell growth by many different mechanisms making them 
candidates for a role as cancer protective substances. The precursors of these diphe- 
nols are to be found in fiber-rich unrefined grain products, various seeds, beans and 
probably also in pulses, peas and berries. Some types of fiber seem to influence sex 
hormone and bile acid metabolism mainly by partial interruption of the enterohepatic 
circulation, by alteration of intestinal metabolism and by increasing fecal excretion of 
these compounds. The sex hormone pattern found in connection with a Western-type 
diet is prevailing in the breast cancer patients, but is only partly a result of the diet 

Key words- breast cancer, prostate cancer, colon cancer, coronary heart disease, diet, 
fiber, lignahs. isoflavones. estrogens, androgens, sex hormone binding globulin, 
dihydrotestosterone, bile acids, feces 

Herman Adlercreun. MJ)., Professor. Department of Clinical Chemistry. University 
of Helsinki. Meilahti Hospital. SF-00290 Helsinki. Finland 



Breast cancer (BC). prostate cancer (PC) and endc- the Western world compared to countries m As a 
mertal cance (EC) Wong to the group of hor- and South and 

mone-dependent cancers .which in addition to studies an increased mk for Western d,seases has 
cTn ca^r (CC). coronary hear, disease (CHD) been found to be related to a change towards a 

Westernized diet t 4-91 Migrants from Asia 

U ausTtheir incidence and mortality are high in Africa or East Europe to U.S.A. or Australia have 
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originally consumed a low-fat vegetarian or semi- 
vegetarian diet containing large amounts of unre- 
fined carbohydrates. Most of these mi grams and 
their children rapidly adopt a diet rich in calories, 
fat and proteins and low in complex carbohydrates 
and fiber [10] and their hormone [II, 12] and lipid 
levels change towards a Western pattern, increas- 
ing the risk for hormone-dependent cancer and 
CHD. Interestingly, migrants from a high risk 
colon cancer area (Scotland) to Australia experi- 
ence a reduced risk for colon cancer [9]. 

Furthermore Hill et al. [13] postulated that a 
Western-type diet increases the concentration and 
metabolism of fecal bile acids (FBA) and neutral 
sterols (FNS), increasing the risk for CC. In the 
majority of the population studies carried out this 
hypothesis has rendered support with regard to the 
concentration but not with regard to the metabo- 
lism of FBA and FNS [review in 14]. On the other 
hand many animal experiments and in vitro tests 
have shown that free bile acids are cocarcinogenic 
or comutagenic [15, 16] but that the aminoconju- 
gated bile acids may be inactive [16] in this regard 
[reviews in 14, 17]. It is believed that secondary 
bile acids are more toxic than primary ones and 
that a high litocholic acid (LCA) to deoxycholic 
acid (DCA) ratio is a CC risk factor [18-20]. 

Because of the obvious relationship between 
Western diet and Western diseases it has been 
postulated that this type of diet by some biochemi- 
cal or other mechanisms may alter hormone pro- 
duction, metabolism or action at the cellular level 
increasing the risk for hormone-dependent cancer. 
Furthermore it has been suggested that the dietary 
composition may influence transit time of the 
intestinal content, fecal bulk and intestinal micro- 
flora and its environment causing alterations in 
concentration and metabolism of hormonal 
steroids, bile acids, neutral sterols, carcinogens 
and procarcinogens increasing the risk of CC and 
BC. Particularly in women, who have a much 
higher incidence of hormone-dependent cancer 
than men, diet has been suggested to be the main 
single determinant in the etiology of these cancers. 
It is, however, very difficult to separate the effects 
of various single macro- or micronutritients on 
any biochemical event or steroid hormone or bile 
acid pattern or level. This is not only due to diffi- 



Tabl£ I Abbreviations and trivial names of steroids and 
other abbreviations used in the text 



A 


Androstenedione 


BC 


Breast cancer 


CC 


Colon cancer 


CHD 


Coronary heart disease 


DHEAS 


Dehydroepiandrosterone sulfate 


Da 


Daidzein 


DCA 


Deoxycholic acid 


5a-DHT 


5a-Dihydrotestosterone 


EC 


Endometrial cancer 


End 


Emerodiol 


Enl 


En tero lactone 


E2 


Estradiol 


E3 


Estriol 


El 


Estrone 


E1S 


Estrone sulfate 


Eq 


Equol 


FBA 


Fecal bile acids 


FNS 


Fecal neutral sterols 


For 


Formononetin 


FE2 


Free estradiol 


FT 


Free testosterone 


Gen 


Genistein 


2-OHE1 


2-Hydroxyestrone 


4-OHE1 


4-Hy droxyestrone 


%FT 


Percentage free testosterone 


%FE2 


Percentage free estradiol 


PC 


Prostate cancer 


LCA 


Litocholic acid 


LH 


'.Luteinizing hormone 


Mat 


Matairesinol 


SHBG 


Sex hormone binding globulin 


T 


Testosterone 



culties in the accurate recording of the diet, but 
also to the great variability in dietary intake during 
different seasons and even different parts of the 
week and the variability of hormone and steroid 
levels, particularly in women. Special efforts have 
to be made to standardize the conditions for sam- 
pling and to use reliable hormone assay methods 
and the recording of the diet must be carried out 
during sufficiently long time [12]. 
The following review will summarize and discuss 
results of our studies on the connection between 
diet and Western diseases. Many of these investi- 
gations are the result of collaborations with scien- 
tists abroad and some results discussed have not 
yet been published. The review will deal with some 
newly discovered mechanisms of dietary effects 
on sex hormone and intestinal bile acid metabo- 
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lism and in addition with some interesting associa- 
tions between the various diseases. Further support 
for the previously proposed extension [21] of the 
"fiber hypothesis" of Burkirt & Trowell [see 10] 
has now been obtained and will be discussed in- 
cluding not only BC and CC but also other West- 
em diseases. 

EFFECT OF VARIOUS MACRONUTRTTIENTS 
ON SEX HORMONE METABOLISM 

Effect of fiber 

The development of a radioimmunological chro- 
matographic method for the assay of the very low 
amounts of estrogens present in feces of men and 
nonpregnant women [22] made it possible for the 
first time to obtain a complete view of the effect 
of diet on the enterohepatic circulation of estro- 4 
gens in man. 

A high intake of fiber in premenopausal women 
increases fecal wet and dry weight, which corre- 
lates positively with all three unconjugated estro- 
gens and total estrogens in feces [23]. In the same 
study also postmenopausal women were investi- 
gated (H. Adlercreutz, E. Hamglamen, S.L. Gor- 
bach, B.R. Goldin, J.T. Dwyer, M.N. Woods, un- 
published results) and the same results were found. 
Furthermore, in the postmenopausal women we 
found positive associations between total fiber and 
grain fiber intake, and fecal estrone (El) and 
estradiol (E2) excretion (list of abbreviations in 
Table I). Fat intake on the other hand seems to 
have a negative association with fecal excretion of 
estrogens [24] and therefore the dietary fat/fiber 
ratio of the postmenopausal women living in 
Boston shows highly significant negative correla- 
tion with fecal estrogen excretion (above-men- 
tioned unpublished study). It is suggested that the 
dietary fat/fiber ratio determines the degree of 
interruption of the enterohepatric circulation of 
steroids, but the type of fiber plays also a signifi- 
cant role (see below). 

In premenopausal women fecal weight and fecal . 
estrogen excretion was found to correlate nega- 
tively with urinary estrogen excretion [23]. Partic- 
ularly important was the observation of a negative 
correlation between fecal estriol (E3) and urinary 



E3-3-glucuronide (E3-3G) excretion. Urinary E3- 
3G is a specific metabolite of the intestinal mucosal 
cell and the end-product of estrogen metabolism 
and therefore a good indicator of the extent of the 
enterohepatic circulation of estrogens, particularly 
of E3 and other 16-hydroxylated and polar estro- ' 
gens in man [25]. In a study carried out in Helsin- 
ki in premenopausal women it was found that total 
fiber intake and grain fiber intake/kg body weight 
were negatively associated with the excretion of 
10 of the 1 3 estrogens measured in urine [26]. 
i Fecal estrogen excretion shows a negative asso- 
ciation with plasma El and E2 [23] and later on a 
direct negative correlation between total fiber 
intake and plasma El and E2 [24] and estrone 
sulfate (E1S) [27] could be observed in young 
women. Similar findings in men have been report- 
ed, but in addition to the negative correlation 
between crude fiber intake and plasma E2, higher 
fiber intake is associated with lower plasma testo- 
sterone (T) levels [28-30]. The reason for reduced 
intestinal reabsorption and increased elimination 
of estrogens by the fecal route in subjects consum- 
ing much fiber seems to be the larger fecal bulk 
and decreased concentration of intestinal p-gluc- 
uronidase [21, 23, 25]. The latter phenomenon 
reduces hydrolysis of tfee biliary steroid conju- 
gates, an event necessary for their reabsorption. 
Some fibers have also the property of binding sex 
hormones, particularly non-polar estrogens [31, 
32]. 

Preliminary results in the large study in Helsinki, 
called the "Finlandia study" revealed significant 
positive correlations between intake of total fiber, 
vegetable fiber and fiber from fruits and berries and 
plasma sex hormone binding globulin (SHBG) and 
negative associations between the intake of the 
same fibers and plasma % free estradiol (%FE2). 
Furthermore, total fiber, grain fiber and vegetable 
fiber intake correlated negatively with plasma % 
free testosterone (%FT) [33, 34]. The new results 
obtained in in postmenopausal Boston women [23, 
24] agree well with the above-cited publications in 
that significant negative correlations were found 
between intake of total fiber, grain fiber and non- 
grain fiber and plasma androstenedione (A), T, FT 
[35] and El. In addition intake of fruit and veg- 
etable fiber and grain calories correlated negative- 
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ly with plasma El [estrogen results unpublished, 
see 27]. 

It may be concluded that high fiber intake is 
associated with low levels of sex hormones in 
plasma, high SHBG and low %FE2 and %FT 
causing a reduction in the bioavailability of the 
.hormones, which theoretically would reduce the 
* risk of hormone-dependent cancer. The proposed 
mechanisms involved in changing the SHBG level 
will be discussed in the sections on dietary protein, 
and lignans and isoflavonic phytoestrogens. 

Effect of protein 

Most of the studies on the effect of protein intake 
on hormone metabolism have been carried out by 
altering the protein/carbohydrate ratio of the diet. 
Using this technique it was found that a high 
dietary protein/carbohydrate ratio decreases the 
plasma level of SHBG and T and that a low ratio 
has the opposite effect [36, 37]. Furthermore a 
high protein diet considerably diminished 4-ene- 
5o>reduction of T and enhanced 2-hydroxylation 
of E2 [38, 39]. By measuring the estrogen profile 
in urine by capillary GC-MS in premenopausal 
women [40, 41] we could recently confirm that a 
high dietary protein/carbohydrate ratio results in 
high urinary excretion of catecholestrogens. A 
new finding was that the dietary protein/carbo- 
hydrate ratio is highly significantly and positively 
associated with the urinary 2-OH-E1/4-OH-E1 
ratio. Furthermore the lowest mean ratio (= 3.6) 
was found in vegetarians, followed by the omni- 
vores (= 4.3) and the highest was found in the BC 
patients (=7.1) (BC vs. vegetarians p < 0.005; BC 
vj. omnivores p < 0.02), who had the highest 
dietary protein/carbohydrate ratio due to low grain 
intake. It may be mentioned that this ratio was 
recently found to be 2.0 in the same Oriental 
migrant women in Hawaii [42], which were previ- 
ously studied by us [24]. 



Effect of carbohydrates 

In the above section the effect of changes in the 
dietary protein/carbohydrate ratio was discussed. 
Some further information as to the possible effect 
of carbohydrates on sex hormone metabolism 



derives from studies in which dietary intake of 
various macro- and micronutritients were corre- 
lated with plasma and urinary hormone levels. 

Recently we found that postmenopausal women 
living in Boston showed significant negative asso- 
ciations between carbohydrate intake and plasma 
T, El and E2 [35,43]. Furthermore in the same 
study the intake of grain calories showed negative 
correlations with plasma A, T, DHEAS, and El. 
The intake of carbohydrates also showed a weak 
but significant positive correlation with fecal El 
excretion (estrogen results unpublished). 

In the corresponding Finnish study in 33 pre- 
menopausal women [40-42], studied twice during 
a year, we found some other interesting correla- 
tions between carbohydrates and sex hormones. 
Urinary 2-OH-EI/4-OH-E1 ratio correlated posi- 
tively with protein/carbohydrate ratio of the diet 
and negatively with carbohydrate, starch, total 
fiber and grain fiber intake. Urinary 4-hydroxy- 
estrone excretion correlated positively with total 
and grain fiber intake and plasma SHBG and nega- 
tively with %FE2 and %FT. Starch intake was 
negatively associated with urinary E3-3-gluc- 
uronide, the specific marker of the enterohepatic 
circulation of estrogens, suggesting partial inter- 
ruption of this circulation in subjects with high 
starch intake. Carbohydrate intake was negatively 
associated with plasma E1S, the mean level of 
which was highest in the BC group. Plasma 
DHEAS on the other hand was strongly positively 
associated with plasma E1S, and less strongly with 
%FE2 and negatively associated with urinary 16- 
hydroxylated estrogens and enterolactone (Enl) 
[27]. Enl mainly derives from precursors in grain 
and its urinary excretion reflects both the intake of 
fiber in general [44] and whole-grain products in 
particular. The results indicate that it is difficult to 
separate the effect on hormone metabolism of 
complex carbohydrates from that of fiber. 

Effect of fat 

Oriental women living in East Asia and at low risk 
for BC consume a very low-fat diet (usually < 20 % 
of calories). Studies on the urinary excretion of 
El, E2 and E3 have shown that they excrete lower 
amounts of El and E2 and similar amounts of E3 
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compared to women in Western countries [24, 45, 
46]. In other studies in vegetarians living in West- 
ern societies the picture has not been so clear, but 
there has been a trend towards lower urinary El 
and E2 values and similar or slightly higher E3 
values in the vegetarians [47, 48]. Thus a vegetar- 
ian or semivegetarian diet seems to be associated ■ 
with relatively high E3 formation. The simultane- 
ously higher fecal excretion of E3, however, 
reduces urinary E3 levels leading to varying quan- 
titative results for E3 in urine, depending mainly 
on the nature of the fiber in the food and the > 
quantity of both dietary fiber and fat Simultane- 
ously there seems to be a reduction in the relative 
concentration of 2-hydroxyestrogens, particularly 
in Oriental women and a relative increase in 4- 
hydroxylation [41, 42], which means that the main 
metabolic pathways in these women unexpectedly 
seems to lead to biologically more active estro; 
gens. However, it must be remembered that their 
plasma and urinary El and E2 levels were shown 
to be low [24] and the net biological estrogen 
effect may in any case be less. It has also been 
shown that the luteal phase E2 values are lower in 
young women following a low-fat diet for 2 
months [49]. 

Women living in Africa consuming low-fat habit- 
ual diets [50] and Oriental migrants in Hawaii [24] 
have low plasma androgen levels compared with 
women on a Western diet These observations are 
in agreement with the results obtained in postmeno- 
pausal omnivorous and vegetarian women and 
postmenopausal women with BC showing the 
lowest plasma A, T, %FT, %FE2 and DHEAS and 
highest SHBG (after correction for weight) in the 
vegetarian women, who had the lowest dietary 
fat/fiber ratio of the three groups [35, 43] The 
lower DHEAS in vegetarians is in agreement with 
recent results showing that plasma E1S levels are 
lower in women on a low-fat high-fiber diet com- 
pared to a typical Western diet [51] because the 
levels of these sulfates show a significant associa- 
tion [27 and unpublished results]. In correlation 
analysis a Western-type diet was found to be asso- 
ciated with the hormonal pattern observed in the 
postmenopausal women with BC, but this was 
obviously not entirely due to the diet [35]. 
It seems justifiable to conclude that a high protein 



and fat and low grain, complex carbohydrates and 
fiber intake leads to higher plasma levels of bio- 
logically active sex hormones and lower SHBG, 
with a clear tendency to lower 16a- and 16p- 
hydroxylation [42] and higher 2-hydroxylation of . 
estrogens and higher urinary 2-hydroxy-El/4- 
hydroxy-El ratio. The possible role of these altera- 
tions of hormone levels as etiological factors in 
hormone-dependent cancer will be discussed 
below. It should be mentioned that opposite results 
with regard to 16a-hydroxylation of estrogens and 
fat intake have been published [52, 53], and these 
results will be discussed in the section on BC. . 

LIGNANS, ISOFLAVONES, AND SEX 
HORMONE METABOLISM 

Since the detection and identification of mam- 
malian and later also of plant lignans and iso- 
flavonic phytoestrogens in the human organism, 
many studies on their biological role in health and 
disease have been carried out Several reviews [33, 
54-56] on the topic have recently been published. 
These diphenolic compounds occurring in high 
amounts in the organism have numerous different 
biological activities of which most seem to make 
them candidates for a rote as protective substances 
with regard to cancer and particularly hormone- 
dependent cancers [12, 21, 33,~~34, 54, 56-64]. 

To date 15 lignans and isoflavonic phytoestro- 
gens, all diphenolic in character, have been identi- 
fied in human urine and some of them also in 
other biological materials [54, 56, 65, 66]. Of 
these 7 can now be measured by combined capil- 
lary gas chromatography-mass spectrometry uti- 
lizing the selective ion monitoring technique and 
isotope dilution mass spectrometry using deuter- 
ated internal standards [58, 67]. The lignans entero- 
lactone (Enl), enterodiol (End) and matairesinol 
(Mat) and the isoflavonic phytoestrogens daidzein 
(Da), equol (Eq), O-desmethylangolensin (<>Dma) 
and genistein (Gen) have all weak estrogenic activ- 
ity, but antiestrogenic activities have also been 
described [reviews in 54, 56]. Many plant lignans 
have been shown to have anticarcinogenic, anti- 
viral, bactericide and antifungal activities. In col- 
laboration with Dr Lany Vickery (Irvine, Cali- 
fornia) it was shown that Enl and a theoretical 
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intermediate between Mat and Enl are moderate 
inhibitors of placental aromatase and compete 
with the natural substrate androstenedione for the 
enzyme. Enterolactone was also able to inhibit 
aromatase intracellulary in cell cultures suggesting 
that these compounds may function as natural 
aromatase inhibitors. Other experiments show that 
these diphenols are readily transferred from cell 
culture media into the cells and that they may 
inhibit cancer cell growth, because antiprolifera- 
tive effects of synthetic and naturally occurring 
flavonoids on tumor cells of the human brea& 
cancer cell line, ZR-75-1, were reported [59]. 
Furthermore, inhibitory effects of such compounds 
on mitogen-induced proliferation of human periph- 
eral blood lymphocytes were demonstrated [60]. 

Genistein, one isoflavonic compound identified 
by us in human urine isa. specific inhibitor oftyro- 
sine-specific protein kinases [61-64]. Protein-tyro- 
sine kinase activity is associated with cellular 
receptors for epidermal growth factor (EGF), 
insulin, insulin-like growth factor I (IGF-I). 
platelet-derived growth factor (PDGF) and mono- 
nuclear phagocyte growth factor (CSF-1), suggest- 
ing that the enzyme plays a role for cell prolifera- 
tion and transformation. The enzyme has also 
been associated with oncogene products of the 
retroviral src gene family and is correlated with 
the ability of retrovirus to transform cells [litera- 
ture in 61-64]. 

In collaborative studies with Dr Jim Clark and 
associates we have found that several plant and 
mammalian lignans and isoflavones compete with 
E2 for the rat uterine nuclear estrogen type II 
binding site (unpublished results). These sites 
seem to constitute a component of the genome 
which regulates estrogen-stimulated uterine growth 
[68, 69]. It was found that some flavonoids like 
luteolin, quercetin and pelargonin inhibit E2 bind- 
ing to this receptor and in this way uterine cell 
growth. They also inhibited growth of MCF-7 
cells in culture, and in vivo E2 stimulation of 
immature rat uterus [70]. The structure of these 
compounds are very similar to those of the iso- 
flavones and in fact all are diphenols.. The most 
effective with regard to type II site binding of the 
diphenolic compounds found and measured by us 
in human urine seem to be the isoflavones 



daidzein and equol, but also some lignans like 
matairesinol, isolariciresinol and enterolactone 
show competition (competition observed at con- 
centrations from 10 to 100 nmol/1). Later an 
endogenous inhibitor of the nuclear type II bind- 
ing site was identified as being methyl p-hydroxy- 
phenyllactate [71], which can be a metabolite of 
both exogenous flavonoids and tyrosine. Because 
this compound cannot be found in cancer tissue it 
was postulated that uncontrolled growth and pro- 
liferation of malignant cells is directly related not 
only to the permanent stimulation of nuclear type 
II binding sites by estrogens or other compounds, 
but also to very low to nonmeasurable levels of the 
competitive inhibitor methyl p-hydroxyphenyl- 
lactate [71]. In our opinion it seems that probably 
many of these phenolic compounds may have a 
synergistic action as it is unlikely, because of close 
structural similarities, that only one of them 
inhibits cell growth. The compound found by 
Markarevich et al. [71] was isolated from fetal 
bovine serum, probably a very rich source of 
many flavonoids and phytoestrogens and their 
metabolites. The concentration of the new mono- 
phenolic compound in biological fluids and tissues 
in human subjects has to my knowledge not been 
measured. The possible growth-inhibiting and 
antiproliferative role of individual flavonoids and 
their metabolites with regard to hormone depen- 
dent cancer is a new interesting area of research 
that needs much further studies. 
Of the isoflavones the strongest estrogens are Eq 
and Gen, but they are still very weak estrogens 
compared to E2 and El. It is unlikely that all their 
other biological effects are related to their estro- 
genicity. Quantitative results indicate that lignans 
and isoflavonic phytoestrogens are normal con- 
stituents of human urine and are excreted in large 
amounts particularly by vegetarians (both lignans 
and phytoestrogens) [33, 34, 58], by subjects con- 
suming large amounts of whole-grain products, 
vegetables and berries, which all are associated 
with high lignan excretion [33], and by the Japa- 
nese consuming traditional Japanese diet (mainly 
isoflavonic phytoestrogens, due to intake of soy 
pr oducts) [33, 72]. In omnivorous Finnish subjects 
the excretion of Gen, the specific inhibitor of 
protein tyrosine kinase, was found to be between 
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10 and 1,500 nmol/24 h (usually 1-4 times that of 
Da). When investigating a few Japanese^ subjects 
consuming a traditional diet the excretion was 
very high ranging from 1,250 to 15,500 nmol/24 h 
(!) (in collaboration with H. Honjo and cowork- 
ers), about 1 .5 - 3 times higher than that of pa. As 
mentioned Da shows antiproliferative activity with 
regard to BC cells [59]. Particularly low excretion 
of these compounds has been observed in BC 
patients and in subjects consuming a low-fiber 
diet, especially a diet low in whole-grain products 
and beans [23, 24, 49, 64, and unpublished > 
results]. Particularly low excretion has been 
observed in BC patients and in subjects consum- 
ing a low-fiber diet, particularly a diet low in 
whole-grain products [33, 34, 58, 73]. 

It has now been demonstrated that the mam- 
malian lignans Enl and End are formed from pre- 
cursors, such as the plant lignans matairesinol ana] 
secoisolariciresinol, which are consumed and then 
structurally modified by intestinal bacteria [56]. 
Eq and O-Dma are most likely formed by intesti- 
nal bacteria] action from formononetin (For) and 
Da present in food stuffs like soy products [72, 
74]. However, these compounds are also present 
in cow milk [75] formed from eg. For in clover 
by intestinal bacteria in the gastrointestinal tract of 
the cow [55], and may therefore be consumed by 
human subjects as such. Because of the close 
association of lignan excretion with fiber intake 
[21, 33, 44] it is likely that the plant lignans are 
localized close to the outer fiber-containing layers 
of the grain containing phytin, polyphenols, 
enzyme inhibitors and other compounds usually 
regarded as antinutritional factors [76]. 

Recently, we suggested that the lignans and iso- 
flavonic phytoestrogens, which all are diphenols, 
perhaps together with other similar compounds, 
stimulate SHBG synthesis in the liver and in this 
way reduce the biological effects of sex hormones 
[27, 33, 34]. An increase in SHBG results in low- 
ering of %FT and %FE2 and reduction of both the 
albumin-bound and the free fraction of the sex 
hormones. This reduces the metabolic clearance 
rate (MCR) of the steroids and reduces in this way 
their biological activity. 

In Finnish women total fiber intake, total fiber 
intake/kg body weight and grain fiber intake/kg 



body weight correlate positively and dietary 
fat/fiber ratio negatively with urinary excretion of 
total lignans and isoflavonic phytoestrogens [33, 
34]. The excretion of the two diphenolic groups of 
compounds and also Enl alone in both pre- and 
postmenopausal Finnish women correlate positi- 
vely with plasma SHBG and negatively with 
plasma %FE2 and %FT [33, 34 and unpublished 
results]. It is well known that oral estrogens, in 
contrast to parenteral ly administered ones, marked- 
ly stimulate SHBG synthesis [77, 78] and we 
therefore suggest that these positive associations 
between urinary lignan and phytoestrogen excre- 
tion and SHBG is due to stimulation of SHBG 
synthesis by these week estrogens entering the 
portal circulation in very high amounts. This also 
would explain the higher SHBG values seen in 
vegetarians [79] including such vegetarians whose 
diet does not contain low amounts of proteins 
[34]. High protein diet has been found to lower 
plasma SHBG [36, 37]. 

Furthermore urinary Enl excretion in these 
Finnish women correlates negatively with plasma 
DHEAS and luteinizing hormone (LH) (unpub- 
lished observations). The latter observation has to 
be evaluated in detail, but it is possible that the 
effect on sex hormone metabolism of these weakly 
estrogenic compounds may also be mediated via an 
effect on the hypothalamic-hypophyseal endocrine 
system. Plasma DHEAS is low in vegetarians and 
is negatively associated with the dietary intake of 
unsaturated fatty acids [35]. 

DIET, SEX HORMONES AND BREAST 
CANCER 

In an extensive review about 10 years ago Dao 
concluded that studies of estrogen metabolism in 
BC has provided only controversial results and 
that they are inconclusive at best [80]. The results 
described above indicate clearly that studies on 
sex hormone metabolism in cancer cannot be 
carried out without careful dietary evaluation in 
the subjects studied. It is therefore not surprising 
that no consensus as to the association between 
sex hormone changes and BC has been reached, 
because very few studies include both detailed 
dietary records and hormonal investigations. 
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In his recent review Zumoff [81] includes nine 
hormone-related hypotheses in the discussion on 
hormones and BC. but none of them was dis- 
cussed in relation to diet despite the huge amount 
of epidemiological data suggesting that a Western 
diet plays an essential role in increasing the BC 
risk in the Western world. 

because of the extensive literature I will discuss 
only a few of those hypotheses regarding the 
association of sex hormone alterations and BC, 
which seem to be related to diet > 

The main change in diet when subjects from 
developing countries migrate to Western countries 
is an increase in animal fat and protein and a 
decrease in intake of complex carbohydrates, par- 
ticularly whole grain products 110]. This change is 
identical to what has occurred in Scandinavia in 
the last 300 years and in fact has been going on in 
Finland since World War II with a simultaneous 
increase in the incidence of BC. CC and other 
Western diseases. I therefore like to discuss partic- 
ularly the possible role in cancer development of 
complex carbohydrates like whole grain products 
and soy beans, cereal fiber and the role of iignans 
and isoflavonic phytoestrogens and their associa- 
tion with plasma SHBG and the % free sex hor- 
mones. 

In two case-control [82. 83] and in an epidemio- 
logical study [84] it was shown that high fiber and 
high carbohydrate intake, respectively, decreased 
the risk of BC. In another case-control study par- 
ticularly fiber from grains consumed during ado- 
lescence reduced the risk both in premenopausal 
and postmenopausal women [85]. These observa- 
tions are in agreement with the results of our 
studies in postmenopausal women in Boston [35] 
and in premenopausal women in Helsinki 141] 
showing that the main and in fact only really sig- 
nificant difference between the diet of the BC 
patients and the omnivorous and vegetarian control 
women was a low intake of grain products and 
grain fiber. If the diets of the Boston and Finnish 
women studied by us are compared, the main dif- 
ference is also in the grain and grain fiber intake, 
being much higher in the Helsinki women with a 
lower risk for BC than the Boston women. This 
dietary difference caused the mean fecal weights 
to be higher in the Finnish compared to the Boston 



women, despite similar mean total fiber intakes. 
The large fecal bulk affects the enterohepatic cir- 
culation of sex hormones, because there is e.g. a 
significant correlation between fecal weight and 
fecal estrogens. In both countries the fat/fiber ratio 
was the same in the omnivorous and BC women, 
but much lower in the vegetarian women, par- 
ticularly in Boston, because the Finnish vegetarians 
consumed rather much fatty milk products. The 
postmenopausal Boston BC women had lower fa 
intake than the Finnish young vegetarians (!), the 
protein intake being similar. However, the fat to 
grain fiber ratio (g/g) was 16.4 in the old Boston 
BC women and only 10.2 in the young Finnish BC 
women and the corresponding values for the omni- 
vores were 15.1 and 8.2, respectively. The Boston 
and Helsinki vegetarians had total fat/grain fiber 
ratios of 7.1 and 6.3. respectively. Very interesting 
are also the results of the protein/grain fiber (g/g) 
ratios in the six groups of women, The vegetar- 
ians, omnivores and BC patients in Boston and 
Helsinki had the following ratios: 7.2. 15.2, 18.1, 
and 5.4, 7.2 and 8.8, respectively. This shows that 
these ratios are very high in the omnivorous 
women and the BC patients in Boston, and also 
highest in the BC group in Helsinki compared 
with the other Finnish women mainly due to 
differences in grain fiber intake. 

The fat intake in the BC women both in Boston 
and Helsinki was intermediate between that of the 
omnivores and vegetarians in respective city. This 
may be due to bias, particularly in Helsinki, 
because of much propaganda in this country about 
reducing fat intake in order to avoid cancer and 
other diseases. However, small differences in fat 
intake will not have any detectable effect on 
plasma or urinary sex hormone levels (for discus- 
sion see [12]), which may to some extent explain 
the results of a recent prospective study [86] in 
nurses that failed to show any correlation between 
high fat consumption and the subsequent develop- 
ment of BC (see also [87. 88]. However, in our 
opinion, after considering our above-mentioned 
results, it seems more appropriate to use the 
fat/total fiber or fat/grain- fiber ratio to define the 
diet of risk groups and controls than to use % fat 
calories or total fat intake. However, recent 
prospective studies in our laboratory suggest that 
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particularly grain products containing all com- 
pounds of the grain may be protective and that so- 
called whole-meal products may be less satisfac- 
tory in this sense (see below). Also protein/carbo- 
hydrate or particularly protein/total fiber or 
protein/grain fiber ratio should perhaps be used to 
define the dietary groups. Using such ratios we 
have observed that the association of diet to sex 
hormone metabolism becomes much more 
obvious. We believe that this is related to the 
intestinal metabolism of hormones, lignans and 
isoflavones, which is dependent on the intestinal 
environment and closely related to our diet and 
perhaps better described or reflected by these 
ratios than by expressing the amounts of macro- 
nutritients as percentages of total calories or in 
relation to body weight 

Without doubt it is not fat alone which has the 
negative effects on overall sex hormone levels, but 
proteins, fiber and complex carbohydrates seem at 
least in Western societies to play even more essen- 
tial roles. As an example of what this concept 
means is the increasing effect of a high fat and meat 
and low grain intake both in man and in experi- 
mental animals on intestinal ^-glucuronidase (see 
literature in [21, 23]), which theoretically leads to 
ah increase of the reabsorption of estrogens from 
the intestinal tract [25] and higher plasma estrogen 
levels [23, 24]. It should also be emphasized that 
the associations between fiber intake and the 
excretion of a number of urinary estrogens became 
statistically significant first when the fiber/kg body 
weight ratio was used instead of total fiber intake 
[26]. The fiber/kg ratio may better reflect the 
intestinal bacterial environment and fiber effects 
because a small subject has a smaller "internal" 
volume of the intestines compared to a tall subject 

The diet in Furnish rural areas where BC and CC 
incidence is low differs from the American one 
particularly with regard to its relatively high content 
of complex carbohydrates mainly from whole-grain 
products and starchy vegetables, the fat content 
being similar but deriving more from milk products 
than from meat [89, 90 and own observations]. A 
significant part of the Finnish milk product 
consumption consists of fermented milk products. 
Because of the differences in BC risk in USA and 
Finland we have postulated that this difference is at 



least partly due to the great difference in intake of 
whole-grain fiber-rich products like rye bread and 
perhaps some other fiber-rich nutritients such as 
berries. Particularly these foodstuffs increase the 
excretion of urinary lignans by the Finns and affect 
simultaneously also otherwise the intestinal milieau. 
This view was supported by the finding of very low 
urinary lignan excretion in the BC subjects living in 
Boston [57] and of lower excretion also in the 
young BC women in Helsinki [34, 73]. In both BC 
groups it was likely that the differences were due to 
low intake of whole-grain products. However, in 
Helsinki the differences between the omnivorious, 
vegetarian and BC groups were relatively small, 
because the grain intake was comparably high in all 
groups, which is typical for the original Finnish 
diet It should be mentioned that the intake of wheat 
germ and bran do not at all cause increases in 
urinary lignan excretion in human subjects (own 
observations), and fiber-free wheat bread products 
have no or only very smalt influence on lignan 
excretion. Only grain products which have been 
made from milling of whole grain, without 
separating (and washing) the different components 
and mixing them again (R. Korpela and H. Adler- 
creutz, to be published) seem to significantly 
increase lignan excretion in Finnish women. This is 
because during modem milling of the grain, trying 
to eliminate so-called antinutritional factors [76], 
simultaneously also the diphenolic plant lignans 
seem to be at least partly eliminated. There are 
indications that also berries, fruits and various seeds 
[33, 56, 91] increase lignan excretion. Of some 
grain products, rye meal seems to result in the 
highest excretion of lignans in rats, followed in 
decreasing order by oat, barley and wheat meal 
[91]. The latter results are difficult to evaluate 
because no exact details were presented regarding 
the nature of the meal products consumed by the 
rats. 

Based on an epidemiological study it was recently 
suggested that consumption of fermented milk 
products may protect against breast cancer [92]. In 
a case-control study consumption of fat from milk, 
cheese and yogurt during adolescence reduced the 
BC risk both in premenopausal and postmeno- 
pausal women [85]. One mechanism by which 
fermented milk may influence hormone metabolism 
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is by reduction of the [^glucuronidase-producing 
• bacteria of the intestinal content [93, 94], which 
theoretically should reduce the enterohepatic circu- 
lation of estrogens and increase the fecal route of 
elimination. The conjugated estrogens excreted in 
the bile must be decorijugated before the estrogen 
moiety can be reabsorbed. Milk products have 
also been found to contain animal lignans and iso- 
flavonic phytoestrogens (75) and even if the con- 
» * • centrations are rather low they add to those pro- 

duced by the intestinal bacteria from plant pre- 
cursors. 

Our hypothesis has been that high intake of 
whole-grain products (preferably in combination 
with reduced fat and moderate protein intake) 
• reduces BC (and CC) risk because such a diet 

' ~ increases fecal bulk and reduces intestinal ^-gluc- 

uronidase activity and steroid and bile acid entero- 
hepatic circulation and results in increased mam- 4 
malian lignan production [12, 21]. Later on we 
- ■ j also included the isoflavonic phytoestrogens into 

the original theory 133, 54J. This was due to the 
( finding of very high excretion of isoflavonic phyto- 

estrogens in urine of Japanese men and women 
consuming a traditional diet [33, 72]. The lignan 
excretion in the Japanese subjects was low, even 
lower than we found in the postmenopausal BC 
! patients in Boston. The isoflavones resemble 

1 ■ . - lignans with regard to structure (all are diphe- 
nolic). In most correlation studies they show par- 
, . < allel behaviour In the Finnish women the signifi- 

cances of the positive correlation between the 
\'i , excretion of lignans and isoflavonic phytoestro- 

I ' gens in urine, and plasma SHBG, and the negative 

correlations with %FE2 and %FT are stronger 
than the separate correlations for each group of 
compounds [33]. Recently, our hypothesis with 
regard to the protective role of these compounds 
for BC got strong support from studies showing 
that powdered soy bean chips., both before and after 
denaturation of protease inhibitors, decrease mam- 
mary tumor formation in a rat breast cancer model 
[95]. Furthermore Gen, found by us in human, 
chimpanzee and cow urine, may be anticarcino- 
genic due to its inhibitory effect on protein tyro- 
sine kinase [61-64] and other flavonoids are anti- 
proliferative with regard to BC cells [59]. The 
postmenopausal BC patients in Boston had the 



lowest plasma SHBG and highest %FT and %FE2 
[35] and the lowest Enl and Eq excretion [57]. The 
Finnish premenopausal BC subjects had lower 
SHBG, higher %FT and %FE2 and lower excretion 
of lignans and isoflavonic phytoestrogens com- 
pared to the vegetarians [34]. In many studies low 
SHBG has been associated with BC (see literature 
in [35, 96]). 

Because of the large differences in grain fiber 
intake and urinary lignan excretion between post- 
menopausal women living in Helsinki and Boston 
we have in preliminary calculations combined the 
materials of postmenopausal women and found 
the same highly significant positive correlation 
between grain fiber intake or Enl excretion and 
plasma SHBG and negative correlations with 
plasma %FE2 and FT (unpublished observations) 
as we found for the young Finnish women [33, 34]. 
The theory based on the observation that high fat 
intake increases 16a- and decreases 2-hydroxyla- 
tion of estrogens leading to biologically more 
active estrogens also needs some discussion. 
According to this theory a low rate of 2-hydroxy- 
lation and high rate of 16a-hydroxylation leads to 
a greater risk for BC and endometrial cancer [52, 
53, 97-99] because 2-hydroxylated estrogens are 
biologically less active than 16a-hydroxylated 
ones. Several earlier studies as well as our own 
seem to speak against this hypothesis because all 
low-risk groups, compared to high-risk groups, 
have relatively more urinary 16a-hydroxylated 
estrogens, particularly if also the fecal estrogens 
are included. Women living in low-risk countries 
consume most of their calories in the form of 
complex carbohydrates and have lower fat and 
protein intake, which should lead to low 2-hydrox- 
ylation of estrogens [38, 39). This we could 
observe in the young premenopausal Finnish 
women [40, 41] and in the previously investigated 
Oriental women [23, 42]. The characteristics of 
the sex hormone partem in these low-risk Oriental 
women on a low-fat diet are. low plasma levels of 
El, E2. A and T and low excretion of El, E2 and 
2-hydroxylated estrogens and relatively high 
amounts of both 16a- and 16(J-hydroxylated 
estrogens [23. 42] We could also not see any 
increase in 16a-hydroxylated estrogen metabolites 
in urine of Finnish premenopuasal women with 
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BC. In fact slightly higher mean values were seen 
in the vegetarians, but the differences were not 
significant [40,41]. 

Recently we completed the second pan of the 
Finlandia study dealing with groups of postmeno- 
pausal women and found results apparently more in 
line with those suggesting that high 16a-hydrox- 
ylation is a risk factor. A statistically significant 
(logarithmic) negative correlation between plasma 
SHBG and urinary 16a-hydroxyestrone (R = 0.59, 
p < 0.001) and estriol (R = 0.49; p < 0.01) was 
found with the highest values of estriol and lowest^ 
SHBG values in the BC and omnivorous women 
and higher SHBG and lower urinary 16ct-hydrox- 
ylated estrogens in the vegetarians. In the same 
material there was a significant positive correla- . 
tion between urinary total diphenol excretion and 
plasma SHBG (R = 0.64; p < 0.001). From our 
results it appears that the tendency to lower values 
of 16a-hydroxylated estrogens in urine of the 
vegetarian and higher in the omnivoric and BC 
women is probably due to different degrees of 
fecal elimination of these estrogens as a result of 
differences in fiber intake and not to increased 
16a-hydroxylation of estrogens in BC. However, 
the evaluation of this very large study is still in . 
progress and the definite results have to await the 
extensive statistical treatment needed. In these 
postmenopausal women we found no correlation 
between plasma SHBG and urinary catecholestro- 
gens but a highly significant positive association 
between the logarithms of plasma El S and urinary 
excretion of 2-hydroxy-El (R = 0.84; p < 0.001). 
The BC women tended to have both higher plasma 
E1S and urinary 2-hydroxy-El, which supports 
our theory that high El and E1S and urinary cate- 
cholestrogens may be risk factors of BC. It may be 
mentioned that high E1S has also been found in 
EC [100]. 

With regard to 2-hydroxylated estrogens there is 
evidence speaking for a role of these steroids and 
catecholestrogens formed from stilbestrol in hor- 
monal carcinogenesis via microsome-mediated 
redox cycling and formation of quinones and free 
radicals [101]. The quinoid structures are pre- 
requisites for the genotoxic effect [102] because 
they are capable of covalent binding to proteins 
[103, 104]. The development of renal tumors in 
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Syrian hamsters after estrogen treatment has been 
postulated to occur via a free radical mechanism 
[105]. Hydroxylated flavonoids have antagonistic 
effects on the mutagenic and/or tumorigenic activ- 
ity of epoxide metabolites of polycyclic aromatic 
hydrocarbons [106]. Because of similar structure 
the isoflavones and lignans should also be investi- 
gated in this respect 

DIET, HORMONES, LIGNANS AND 
ISOFLAVONES, AND OTHER WESTERN 
DISEASES 

It is not possible in this connection to discuss at 
any length the relationships between diet and other 
Western diseases. Some very large reviews on 
nutrition and its relationship to cancer have been 
published [107, 108]. However, I would like to 
discuss shortly some new results indicating that 
the above discussion may have some important 
implications also for other diseases than BC and 
that obvious hormonal and biochemical connec- . 
dons exist between BC and other Western diseases. 

Endometrial cancer 

What has been said about diet and estrogen 
metabolism and BC holds as well for EC, a disease 
even more clearly estrogen-dependent than breast 
cancer. An increase in bioavailable estradiol due 
to lowering of SHBG and increase in reabsorption 
of biliary estrogens as a result of a Western diet 
would also promote the growth of endometrial 
cancer. This cancer type has in addition been found 
to be associated with other diseases common in the 
Western world, like hypertension and diabetes. 
Hypertension has in fact recently been found to be 
a risk factor also of BC [ 109]. 

Prostate cancer 

Furthermore, it is known that a low-fat and/or 
high-fiber diet affects sex hormone metabolism 
also in men [28-30] by decreasing T and FT. A 
high level of biologically active androgens proba- 
bly accelerates the development of PC in the 
Western world and recently a prospective study in 
fact seems to indicate that elevated T levels are 
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associated with increased risk of PC [110]. In 
epidemiological studies fat and meat show a posi- 
tive and cereals a negative association with PC 
mortality [3]. In Japan and some other Asian 
countries, despite the same incidence of latent 
small or non-infiltrative prostatic carcinomas, the 
mortality is low [111-113]. This could at least 
. partlyj* explained by a diet-related lowering of 
oiologicaily active androgens as seems to occur in 
.Asian women [24] and in the above-mentioned 
experimental studies [28-30]. Rotkin (cited from 
[114]) suggested that the men at risk of developing j 
PC had a "strong overbalance of androgenic com- 
ponents" and observed that fewer patients with pro- 
static cancer developed gynecomastia and obesity 
early in life compared to controls. However, also 
recent observations indicate a possible protective 
effect of endogenous estrogens [115, 116] and this 
would suggest that the high levels of isoflavomp 
phytoestrogens in the traditional diet of Japanese 
men [33, 68] may also represent a protective factor 
[33, 54] inhibiting the growth of already existing 
. small cancers [theory originally proposed in 117]. 
However, other than estrogenic effects of these 
substances may be more important 

The above-mentioned theory gains support from 
the recent observations of decreased risk of prostate 
cancer in Adventist men showing high consump- 
tion of beans, lentils, peas and some dried fruits 
(dietary sources of flavonoids) [118] and in men 
of Japanese ancestry in Hawaii consuming much 
rice (mainly starch, which may have some fiber- 
like effects in the gut) and tofu [119], a soy bean 
product. Our own results in Japanese men and 
women [some results in 72] show a strong positive 
associati on between the intake of various soy prod- 
uctsjand urinary excretion of equol and daidzein. 
and also a positive correlation with lignan excre- 
tion, particularly enterodiol, despite the fact that 
lignan excretion was low in the Japanese subjects 
investigated. It was in fact suggested [112], that if 
new small latent carcinomas are being formed at a 
constant rate they may either disappear or may 
enlarge and develop into larger carcinomas in dif- 
ferent numbers or at different speeds in different 
geographical areas. It is suggested that in certain 
populations dietary factors affect androgen 
metabolism and biological activity as described 



above and/or that dietary isoflavones and other 
phytoestrogens directly influence cancer cell 
growth slowing the speed of development of these 
small latent carcinomas. The possible effect of 
soybean diets on PC may be a parallell to the obser- 
vation of the inhibitory effect of this diet on breast 
tumor incidence in experimental animals [95, 120]. 

Coronary heart disease , 

Low SHBG has been found to be a risk factor of 
CHD mortality in a female population during a 12- 
year follow-up period [121] and is probably a risk 
factor also in men [122]. In addition, low plasma 
5a-DHT seems to be a risk factor of CHD in men 
[122, 123]. As mentioned previously a high 
dietary protein/carbohydrate ratio not only sup- 
presses plasma levels of SHBG, but simultane- 
ously inhibits liver 5a-reductase [36-39]. Further- 
more, we found significantly higher SHBG and 
HDL-cholesterol and almost significantly higher 
5ct-DHT (p < 0.07) in joggers compared to the 
subjects with CHD and a positive association 
between SHBG and HDL-cholesterol and maxi- 
mal oxygen uptake in both joggers and healthy 
men [122]. Plasma SHBG and Sct-dihydro- 
testosterone concentration correlates positively 
with HDL-choiesteroi'and apoliprotein A-I both in 
healthy middle-aged men and in men with CHD 
[122, 123]. It is also known that thyroid hormones 
and estrogens stimulate SHBG synthesis, 
increases liver 5a-reductase and plasma HDL- 
cholesterol and apolipoprotein A-I [124, 125]. In 
population studies HDL-cholesterol and apolipo- 
protein A-I are inversely related to CHD [126, 
127]. Compounds increasing the 5a-/5f*-reductase 
activity ratio in rat liver microsomes lower serum 
cholesterol and reduces the incidence and severity 
of atherosclerotic lesions in aortas of cholesterol- 
fed rabbits [128]. Whether the higher plasma 
SHBG and 5a-DHT in our physically fit men 
compared to the subjects with CHD is due to diet 
or to physical exercise itself cannot be judged at 
present. The protein/carbohydrate ratio of the diet 
may be lower in hard-training joggers, which 
could explain the high SHBG and 5<x-DHT levels. 
This is because aerobic training usually leads to 
increased proportion of carbohydrates in the diet. 
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In Finnish men this, may mean increased con- 
sumption of whole-grain rye products, because 
about 40 % of the cereals consumed in Finland 
are rye products [see e.g. 129] and rye bread is 
usually a whole-grain product in this country. 

As already mentioned consumption of whole- 
grain rye bread has recently been found by us to 
considerably increase animal lignan excretion in 
urine (R. Korpela, H. Adlercreutz, to be published), 
and it also seems to stimulate SHBG synthesis 
(almost statistically significant increase after 2 
weeks; p < 0.07) as suggested previously [33]. ^ 
Furthermore, it is of interest that isoflavones, 
excreted in high amounts in urine in populations 
having a low CHD risk, like the Japanese men, 
have hypocholesterolemic effects in rats [130] and 
that treatment with a soybean-protein diet has 
remarkable hypocholesterolemic effects in human 
subjects with type -II hyperliproteinemia [131 J. 
Soybean protein products contain isoflavonic 
phytoestrogens, but whether the effect observed is 
due to these compounds or to the plant protein 
itself, as suggested by the authors, is uncertain. It 
is interesting to note that it has been suggested that 
the hypocholesterolemic effects of isoflavones is 
probably independent of the estrogenic effects 
[130]. Furthermore, it has been shown that the 
hypocholesterolemic effect of soy products in 
human subjects is not due to the content of soy- 
bean fiber [132]. It is concluded that very similar 
associations between diet, SHBG, lignans and 
isoflavones, as found for BC, seem to exist also 
with regard to CHD. 

Colon cancer 

In epidemiological studies a parallelism has been 
observed between BC and CC [133], but there are 
also some discrepancies suggesting different etiol- 
ogy [review 86]. However, for none of the West- 
em diseases the etiology is likely to be monofac- 
torial and looking only for the associations with 
macronutritients may easily lead us to wrong con- 
clusions. There are also some parallelisms between 
CC and PC [3], and diet, in the majority of the 
opinions [107,108], seems to be the most impor- 
tant environmental factor in the development also 
ofCC 



CC has also been found to be related to repro- 
ductive and hormonal factors [review in 130] and 
it has been found that increasing parity decreases 
risk and late age at first live birth increases risk 
[135, 136] as found also for BC. Women with 
cancers of the breast and other reproductive sites 
have an excess of primary colorectal cancer and 
pregnancy protects against DMH-induced colon 
cancer in experimental animals [review in 136]. 
Many colon tumors contain sex hormone receptors 
[137-140], and they may play a role in the patho- 
genesis of the disease [141]. 

The observed discrepancies in parallelism 
between CC and BC incidence and mortality devel- 
opment in Japan [86] may be due in addition to 
changed consumption of macronutritients to some 
micTonutritients like plant lignans and isoflavones 
having a large spectrum of biological activities 
like anticarcinogenic, antiproliferative, antihor- 
monal or hormonal and antiviral effects, which 
may play a role also locally in the intestine [21, 
142]. The local effects in the intestine may be 
independent of the formation of the hormonally 
active substances which seem to alter liver and 
peripheral sex hormone metabolism. Another 
factor which may play a role for the discrepancies 
in parallelism between CC and BC is that a change 
in the fat content of the diet e.g. in Japan may not 
parallel a change in the use of soy products, 
because the soy sauce is mainly used for its con- 
tent of sodium chloride and other soy products 
may still be used independently of an increase in 
fat intake. When leaving the habit to consume a 
low-fat diet the Japanese seem to still consume 
rice and they do not get any additional (cereal) 
fiber needed to compensate for the higher fat 
intake, because whole-grain bread seems to be 
almost unknown in Japan. This in our opinion 
could perhaps explain that the CC incidence in 
Japan increases more rapidly than the BC inci- 
dence [86] because of the absence of cereal fiber 
but continuous consumption of soybean products 
and rice. 

Furthermore, an increase from 10 to 25 % of the 
fat calories as has occurred in Japan between 1955 
and 1975 [86] may not alter the hormonal pattern 
as much as the difference we find for urinary and 
plasma sex hormones when the fat calory intake is 
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about 20 % compared with that found when it is 
about 38 % [24, 42]. In our own studies in a rural 
village outside Kyoto [72] women and men still 
consume only 20 and 17 % fat calories, respec- 
tively. 

In most epidemiological studies a relation 
jbetween fa intake and CC has been observed, but 
, in only few studies an association has been found 
4*tween CC risk and high protein intake or high 
energy consumption [143, 144] both leading to 
low SHBG, despite the fact that fat and protein 
consumption generally increase in parallel In on$ 
study a high meat/vegetable consumption ratio 
predisposed for CC [145], a diet, which probably 
also would affect sex hormone pattern [35]. 

However, as for BC, a negative association 
between CC and intake of cereals or nonstarch 
polysaccharide fiber has been observed in most 
(but not all) epidemiological studies [review^in 
146, 147], the case-control studies being less con- 
vincing [see 147]. To my knowledge no prospec- 
tive studies on effect of grain fiber or whole-grain 
products on CC incidence have been published. 
Recent studies suggest that the fat/fiber ratio is 
important also in the pathogenesis of CC because a 
negative association between CC and dietary fiber 
was found only in men with tow fat consumption 
[148]. Epidemiological studies in Finland and 
Denmark point to a protective role of cereal fiber 
[89, 90, 129, 149], but also other factors like high 
consumption of fermented milk lowering colonic 
pH [150, 151] and supplying calcium [152, 153] 
(review in 154] are most likely partly responsible 
for the favourable CC incidence in rural Finland. 
Thus fermented milk may play a role for both BC 
(lowering effect on intestinal B-glucuronidase) and 
CC risk [94, 154, 155]. As indicated above the 
dietary fat/fiber ratio seems to determine the 
degree of the enterohepatic circulation of hormonal 
steroids and may in this way alter the risk of 
hormone-dependent cancers. In experimental colon 
carcinogenesis this ratio determines the tumor 
prevalence and dietary fiber content determines the 
bile acid concentration and protects against the 
deleterious effects of fat [ 1 56, 1 57] . 

Because of the relatively high consumption of 
whole-grain rye bread in Finland we have been 
interested in studying whether different cereal 



products may have different effects on the CC risk 
factors. From these studies we have now obtained 
more support for the theory [21] that certain fiber- 
rich grain products, supplying precursors for 
mammalian lignan formation perhaps protecting 
against BC and locally having a favourable influ- 
ence on intestinal bacterial composition and 
metabolism and mucosal cell environment, may be 
protective with respect to CC also by another 
mechanism. This is because rye bread seem to 
favourably influence intestinal bile acid metabo- 
lism. In a recent experiments we observed that by 
changing the bread consumption from a wheat 
fiber-free bread or from a whole-meal fiber-rich 
(fiber > 9 %) wheat bread to a whole grain rye 
bread (fiber > 8 %). significant alterations of the 
biochemical risk factors of CC could be obtained 
(see below), suggesting that the relatively small 
dietary change may have positively affected intesti- 
nal metabolism. The rye bread made from whole 
grains, not purified during milling, compared to 
both the fiber-free and a fiber-rich wheat bread 
(produced after modern milling of the grain elimi- 
nating some fractions, but containing essentially 
all components) increased considerably the uri- 
nary lignan excretion (R. Korpela & H. Adler- 
creutz, to be published). Compared to the control 
period no change (whole-meal) or a decrease 
(wheat, fiber free) was observed for the other 
breads. As mentioned above we have shown that 
lignan excretion is low in women with BC [21, 34, 
57], most likely due to low intake of whole-grain 
bread. Furthermore, it has been shown that auto- 
hydrolyzed lignin, which is a polymer with similar 
basic structure as the diphenolic lignans, protects 
against experimental colon adenocarcinoma in rats 
[158], Lignin is also known to bind deoxycholic 
acid very well compared to other types of fiber 
[159]. The effect of rye bread (200 - 300 g per 
day, no other cereal products consumed) on 
intestinal bile acid metabolism was remarkable 
because it considerable decreased the total free 
bile acid, and total and free secondary bile acid 
concentrations and the ratio of secondary to pri- 
mary bile acids in feces (J. T. Korpela, H. AdleT- 
creutz & R. Korpela, to be published) leaving, 
however, the LCA/DCA ratio unchanged. This 
ratio increased with consumption of the fiber-free 
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wheat bread. The reason for the decrease in free 
bile acids was a huge increase in the concentration 
of saponifiable (esterified) bile acids to a mean of 
about 46 % of total bile acids. These esters have 
been found to form a high proportion of the bile 
acids in feces in vegetarians (up to 80 %) but 
occur in very low amounts in CC patients (mean 
about 10 % of total bile acids) [160]. According to 
our theory the saponifiable (esterified) bile acids 
may not be cocarcinogenic or comutagenic as 
found for the aminoconjugates of these acids [16]. 
The reason for this may be that they are nonpojar 
and therefore less water-soluble which may be 
advantageous [152]. With the other types of bread 
practically no change of bile acid pattern occurred, 
or if any, it was in the opposite direction, particu- 
larly with respect to the fiber-free wheat bread. 
This is in agreement with a previous study show- 
ing no change in fecal bile acid excretion after 
consumption of a wholemeal bread compared to 
"white bread" [161]. In this connection it is of 
interest to note that during wartime the milling of 
flour resulted in much higher fiber, and possibly 
lignan precursor contents, which seems to have 
resulted in a modest decrease in colon cancer mor- 
tality [162]. These results would imply that by a 
simple change of the bread consumption to a daily 
intake of 200 - 300 g of whole-grain rye bread (or 
some other grain?), containing all the components 
of the cereal, the risk for both BC and CC could at 
least theoretically be reduced. Interestingly recent 
associations have been found both between BC 
[163] and CHD [164], and adenomatous polypes 
in colon, which are regarded as the first stage of 
some CC tumors. 
Our results with respect to fecal bile acid metabo- 
lism are not in disagreement with the original 
theory of Hill et at. [13], but extend the theory to 
include the degree of "esterification" (the saponifi- 
able bile acids have not yet been characterized). It 
is still most likely that the concentration of free 
secondary bile acids is an important factor deter- 
mining the CC risk [15-20, 165, 166]. 

CONCLUSIONS 

In conclusion, it seems that a Western diet with 
high fat and protein intake and low intake of fiber. 



complex carbohydrates and whole-grain products 
is associated with high plasma sex hormone levels 
and low SHBG, 5ct-DHT, high %FT and %FE2, 
high urinary and low fecal excretion of estrogens, 
high urinary catecholestrogens excretion and 2- 
hydroxy-El/4-hydroxy-El ratio, and low urinary 
excretion of lignans and isoflavonic phytoestro- 
gens. These compounds apparently are protective 
with regard to cancer by many different mecha- 
nism. With respect to plasma hormones (except 
5a-DHT), urinary lignans and equol we found this 
pattern in the postmenopausal BC women in 
Boston. Furthermore such a diet leads to unfavour- 
able plasma lipid levels and intestinal bile acid 
metabolism most likely increasing the risk for 
both CHD and CC. In the study in Finland, where 
the BC and CC incidences are much lower than in 
USA, the hormonal pattern in the young BC 
patients was very "similar to that of the control 
omnivorous and vegetarian women (33, 34), prob- 
ably because of the relatively high intake of grain 
products [41] in all groups studied, but mean grain 
intake was still lowest in the BC group. The situa- 
tion may be different in premenopausal compared 
to postmenopausal women, but still nothing speaks 
against the theory that diet is an important BC risk 
factor. This seems to be the fact particularly in the 
postmenopausal women, but probably and perhaps 
to a lesser degree, also in young women. AH 
dietary components seem to have their specific 
role(s) in influencing sex hormone metabolism as 
described above and in this way a wrong diet may 
influence the development of BC and other sex 
hormone-dependent cancers in the promotional 
stage of the disease. More work is still needed, but 
already now it seems that the above-mentioned 
studies showing very distinct associations between 
diet and sex hormones and SHBG and diet and 
fecal bile acid pattern fit rather well with the view 
of the epidemiologists, that Western diet is the 
main factor causing the high incidence of hormone 
dependent cancers and CC in the Western world. 
Furthermore, many significant biochemical and 
hormonal connections between BC and other 
Western diseases, like CHD, exist, indicating that 
the same type of diet partly by the same mecha- 
nisms may be responsible for several of these 
diseases. 



9 I9991N1ST CNRS. Tous droits <Jc propncic inicncciucnc rc^ci vc».i\cj»uuuiiiuii, ic,,.^..i-..v.. ~ 



V--'- 



18 //. Adlercreutz 



0 « 



REFERENCES 

1 Lea AJ. Dietary factors associated with death-rates 
from certain neoplasma in man. Lancet 1966; II: 
332-3. 

2 Armstrong B, Doll R. Environmental factors and 
cancer incidence and mortality in different count- 
ries with special reference to dietary practices. Int J 
Cancer 1975; 15:617-31. , 

3 Rose DP, Boyar AP, Wynder EL. International 
comparison of mortality rates for cancer of the 
breast, ovary, prostate, and colon, and per capita fat 
consumption. Cancer 1986; 58: 2363-7 1 . 

4 Smith RL. Recorded and expected mortality among > 
the Japanese of the United States and Hawaii, with 
special reference to cancer. J Natl Cane Inst 1956; 
17:459-73. 

5 Rose DP. Dietary factors and breast cancer. Cancer 
Surveys 1986; 5:671-87. 

6 Kolonel, LN. Variability in diet and its relation to ^ 
risk in ethnic and migrant groups. Basic Life Sci 
1988;43:129-35. 

7 Haenzel W, Kurihara M. Studies of Japanese • 
migrants: I. Mortality from cancer and other 
diseases among Japanese in the United Stales. J 
Natl Cane Inst 1968;40:43-68. 

8 Staszewski J, McCall M, Stenhouse N. Cancer 
mortality in 1962-66 among Polish migrants to 
Australia. Br J Cancer 1971; 25: 599-610. 

9 McMichael AJ, -t^cCail MG, Hartshorne JM, 
Woodings TL. Patterns of gastro-intestinal cancer 
in European migrants to Australia: The role of 
dietary change. Int J Cancer 1980; 25: 431-7. 

10 Trowell HC, Burkitt DP. Western Diseases: their 
emergence and prevention, Edward Arnold, London 
1983. 

1 1 Hay ward JL, Greenwood FC, Glober G, Stemmer- 
man G. Bulbrook RD. Wang DY, Kumaokas S. 
Endocrine status in normal British, Japanese and 
Hawaiian- Japanese women. Europ J Cancer 1978; 
143: 1221-8. 

12 Adlercreutz H. Diet and sex hormone metabolism. 
In: Rowland I, ed. Nutrition and Toxicology, Cald- 
well, New Jersey, U.S.A., The Telford press 1990; 
in press. 

13 Hill MJ, Drasar BS, Aries V, Crowther JS, Hawks- 
worth G. Williams REO. Bacteria and aetiology of 
cancer of large bowel. Lancet 197 1; i: 95- 1 00. 

14 Korpela J. Fecal neutral sterol and bile acid profiles 
in various dietary groups and in colorectal cancer. 
Thesis (Helsinki University). MantsSlan kirjapaino 
1988: 1-62 0SBN951-99948-3-I). 

1 5 Ferguson L, Parry JM. Mitotic aneuploidy as possi- 
ble mechanisms for tumour promoting acitivity of 
bile acids. Carcinogenesis 1984; 5: 447-51. 

16 Kaibara N, Yurugi E, Koga S. Promoting effect of 
bile acids on the chemical iransformation of 



C3H/10T1/2 fibroblasts in vitro. Cancer Res 1984; 
44: 5482-5. 

17 Reddy B. Bile salts and other constituents of the 
colon as tumor promoters. In Bruce WR, Coma P, 
Lipkin M, Tannenbaum SR. Wilkins TD, eds. 
Banbury Report 7 — Gastrointestinal Cancer Endo- 
genous factors. Cold Spring Harbor Laboratory 
1981; 345-63. 

18 Owen RW, Henly PJ, Thompson MH, Hill MJ. 
Steroids and cancer Faecal bile acid screening for 
early detection of cancer risk. J Steroid Biochem 
1986; 24: 391-4. 

19 Owen RW, Dodo M. Thompson MH, Hill MJ. 
Fecal steroids and colorectal cancer. Nutr Cancer 
1987; 9: 73-80. 

20 Owen RW, Thompson MH, Hill MJ, Wilpart M, 
Mainquet P, Roberfroid M. The importance of the 
ratio of litocholic to deoxycholic acid in large 
bowel carcinogenesis. Nutr Cancer 1987; 9: 67-7 1 . 

21 Adlercreutz H. Does fiber-rich food containing 
animal lignan precursors protect against both colon 
and breast cancer? An extension of the "Fiber 
hypothesis". Gastroenterology 1984; 86: 761-4. 

22 Adlercreutz, H, JarvenpM P. Assay of estrogens in 
human feces. J Steroid Biochem 1982; 17: 639-45. 

23 Goldin B. R., Adlercreutz H. Gorbach SL, Warram 
JH, Dwyer JT, L. Swenson L, Woods MN. Estrogen 
excretion patterns and plasma levels in vegetarian 
and omnivorous women. New Engl J Med 1982; 
307: 1542-7. 

24 Goldin BR, Adlercreutz H, Gorbach SL, Woods 
MN, Dwyer JT, Conlon T, Bonn E,. Gershoff SN. 
The relationship between estrogen levels and diets 
of Caucasian American and Oriental immigrant 
women. Am J Clin Nutr 1986; 44: 945-53. 

25 Adlercreutz H. Martin F. Biliary excretion and 
intestinal metabolism of progesterone and estro- 
gens in man: J Steroid Biochem 1980; 13: 23144. 

26 Adlercreutz H., Folsis T, Bannwart C, H&mSiflinen 
E, Bloigu, A. Ollus. Urinary estrogen profile deter- 
mination in young Finnish vegetarian and omni- 
vorous women. J Steroid Biochem 1986; 24: 289-96. 

27 Adlercreutz H. Diet, breast cancer and sex hormone 
metabolism. Ann NY Acad Sci, in press. 

28 Hamal&inen E, Adlercreutz H. Puska P, Pietinen R 
Decrease of serum total and free testosterone during 
a low- fat high-fibre diet. J Steroid Biochem 1983; 
18:369-70. 

29 HSmaiainen E, Adlercreutz H, Puska P. Pietinen P. 
Diet and serum hormones in healthy men. J Steroid 
Biochem 1984; 20: 459-64. 

30 Howie BJ. Shultz TD, 1985. Dietary and hormonal 
interrelationships among vegetarian Seventh-Day 
Adventists and nonvegetarian men. Am. J Clin 
Nutr 1985; 42: 127-34. 

31 Shultz TD. Howie BJ. In vitro binding of steroid 
hormones by natural and purified fibers. Nutr 



© I9991NIST CNRS. Tousdroils dc propriety inicllcctuelle rCscrvcs.Kcprouucium, icpicwinduui* w u...«*.«« • 



WVjf f rn diet and Western diseases 1 9 



Cancer 1986;8:141-7. 

32 Whitten CG, Schultz TD. Binding of steroid 42 
hormones in vitro by water-insoluble dietary fiber. 

Nutr Res 1988;8:1223-35. 

33 Adlercreutz H, Hockerstedt K, Bannwart C. Bloigu 

S, Hamaiainen E. Foisis T, Ollus A. Effect of dietary 43 
components, including lignans and phytoestrogens. 

, on enterohepatic circulation and liver metabolism 

of estrogens and on sex hormone binding globulin 

j (SHBG). J Steroid Biochem 1987; 27: 1 135-44. 

34 Adlercreutz H., Hockerstedt K. Bannwart C, Hama- 44 
lainen E, Fotsis X Bloigu S. Association between 
dietary fiber, urinary excretion of lignans and iso- 
flavonic phytoestrogens, and plasma non-protjin 
bound sex hormones in relation to breast cancer. In: 45 
Progress in Cancer Research and Therapy, Vol. 35: 
Hormones and Cancer 3. Bresciani F. King RJB, 
Lippman ME, Raynaud J-P, eds. Raven Press, Ltd, 

New York 1988, 409-12. 46 

35 Adlercreutz H. Ham&l&inen E, Gorbach SL, Goldin 
BR. Woods MN, Dwyer JT. Diet and plasma andro- 
gens in postmenopausal vegetarian and omnivorous 
women and postmenopausal women with breast 47 
cancer. Am I Clin Nutr 1989; 49: 433-42. 

36 Anderson KE, Rosner W, Khan MS. New MI, Pang 
S, Wissel PS, Kappas A. Diet-hormone interac- 
tions: Protein/carbohydrate ratio alters reciprocally 

the plasma levels of testosterone and Cortisol and 48 
their respective binding globulins in man. Life Sci 
1987;40:1761-8. 

37 Longcope C. Yosha S, Young RA, Baker S, Braver- . 
man LE. The effects of low-protein diet and testo- 49 
sterone on sex hormone-binding globulin capacity 

in male rabbits. Metabolism 1987; 36: 703-7. 

38 Kappas A, Anderson KE. Cormey AH, Pantuck EJ, 
fishman J, H. L. Bradlow HL. Nutrition-endocrine 50 
interactions: Induction of reciprocal changes in the 
delta-4-5a-reduciion of testosterone and the cyto- 
chrome P-450-dependent oxidation of estradiol by 51 
dietary macronutritients in man. Proc Natl Acad Sci 
1983;80:7646-9. 

39 Anderson KE, Kappas A. Conney AH, Bradlow 

. HL, Fishman J. The influence of dietary protein 52 
and carbohydrate on the principal oxidative bio- 
transformations of estradiol in normal subjects. J 
Clin Endocrinol Metab 1984; 59: 103-7. 

40 Adlercreutz H, Fotsis T. Hockerstedt K, HamSlai- 53 
nen E, Bannwart C, Bloigu S. Valtonen A, Ollus A. 

Diet and urinary estrogen profile in Finnish pre- 
menopausal omnivorous and vegetarian women 
and in women with breast cancer. Scand J Gin Lab * 54 
Invest 1988:48.(Sup P M90):189. 

41 Adlercreutz H. Fotsis T. Hdckerstedt K, Hamaiai- 
nen E, Bannwart C. Bloigu S, Valtonen A, Ollus A. 

Diet and urinary estrogen profile in premenopausal 55 
omnivorous and vegetarian women and in pre- 
menopausal women with breast cancer. J Steroid 



Biochem, in press. 

Adlercreutz H, Gorbach SL. Goldin BR, Woods 
MN, Dwyer JT t HflmMiainen E. Urinary estrogen 
profile in young Oriental immigrant and Finnish 
women. J Steroid Biochem 1989; Suppl 33: 32S. 
Adlercreutz H, Ham&lSinen E, Gorbach SL, Goldin 
BR, Woods MN, Swenson Brunson U Dwyer JT 
Association of diet and sex hormones in relation to 
breast cancer. Eur J Cancer Clin Oncol 1987; 23: 
1725-6. 

Adlercreutz H, Fotsis T, Heikkinen R, Dwyer JT, 
Goldin BR, Gorbach SL, Lawson AM. Setchell 
KDR. Diet and urinary excretion of lignans in 
female subjects. Med Biol 1981; 59: 259-61. 
MacMahon B, Cole P, Brown JB, Aoki K, Lin TM, 
Morgan RW, Woo N-C. Urine oestrogen profiles of 
Asian and North American women. Int J Cancer 
1974; 14: 161-7. 

Trichopoulos, D, Yen S, Brown J, Cole P. Mac- 
Mahon B. The effect of westernization on urine 
estrogens, frequency of ovulation, and breast 
cancer risk. Cancer 1984; 53: 187-92. 
Gray GE, Williams P, Gerkins V, Brown JB, Arm- 
strong B. Phillips R, Casagrande JTE, Pike MC, 
Henderson BE. Diet and hormone levels in 
Seventh-Day Ad ve mist teenage girls. Prev Med 
1982; 11:103-7. 

Shultz TD, Leklem JE. Nutritient intake and hor- 
monal status of premenopausal vegetarian Seventh- 
Day Adventists and premenopausal nonvegetarians. 
Nutr Cancer 4: 247-59. 

Williams CM, Maunder K. The effect of a low-fat 
diet on luteal-phase prolactin and ocstradio! concen- 
trations and erythrocyte phospholipids in normal 
premenopausal women. Brit J Nutr 1989; 61: 651-61. 
Hill P, Garbaczewski L, Helman P, Huskisson J, 
Sporangisa E, Wynder EL. Diet, lifestyle, and 
menstrual cycle. Am J Gin Nutr 1980; 33: 1 192-8. 
Woods MN. Gorbach SL, Longcope C. Goldin BR, 
Dwyer JT. Morrill-LaBrode A. Low-fat, high-fiber 
diet and serum estrone sulfate in premenopausal 
women. Am J Clin Nutr 1989; 49: 1179-83. 
Longcope C, Gorbach S, Goldin B, Woods M. 
Dwyer J, Morril A, Warram J. The effect of a low 
fat diet on estrogen metabolism. J Clin Endocrinol 
Metab 1987; 64: 1246-50. 
Musey PI, Collins DC. Bradlow HL, Gould KG, 
Preedy JRK. Effect of diet on oxidation of 17p% 
estradiol in vivo. J Clin Endocrinol Metab 1987; 
65:792-5. 

Adlercreutz H. 1988. Lignans and phytoestrogens. 
Possible preventive role in cancer. In: Frontiers of 
Gastrointestinal Research. Rozen P, ed. S. Karger, 
Basel 1988; 14: 165-76. 

Price KR. Fenwick GR. Naturally occurring oestro- 
gens in foods. A review. Fr Add Contam 1985; 2: 
73-106. 



i 



I I9991NIST CNRS. Tous 'droits oc propncic imcucuuenc icm»vi».iw£iuuim.mvh. . M «w^.„ 



20 //. Adlercreutz 



56 



57 



58 



59 



60 



61 



62 



63 



64 



65 



66 



67 



Setchell KDR, Adlercreutz H. Mammalian lignans 
and phytoestrogens. Recent studied on their forma- 
tion, metabolism and biological role in health and 
disease. In Role of the Gut Flora in Toxicity and 
Cancer. Rowland IR, ed. Academic Press, London 
1988; 31545. 

Adlercreutz H, Fotsis T, Heikkinen R. Dwyer JT, 
Woods M, Goldin BR, Gorbach SL. Excretion of 
the lignans enterolactone and enterodiol and of 
equol in omnivorous and vegetarian women and in 
women with breast cancer. Lancet 1982; Q: 1295-9. 
Adlercreutz H. Fotsis T, B arm wart C. Wahfila K, 
Makela" T, Brunow G, Hase T. Determination of uri- 
nary lignans and phytoestrogen metabolites, poten- 
tial anti estrogens and anticarcinogens, in urine of 
women on various habitual diets. J Steroid Bio- 
chem 25: 791-7. 

Hirano T, Oka K. Akiba M. Antiproliferative 
effects of synthetic and naturally occurring 
flavonoids on tumor cells of the human breast 
carcinoma cell line, ZR-75-1. Res Comm Chem 
Path Pharm 1989; 64: 69-78. 
Hirano T. Oka K, Kawashima E, Akiba M. Effects ' 
of synthetic and naturally occurring flavonoids on 
mitogen- induced proliferation of human peripheral- 
blood lymphocytes. Life Sci 1989; 45: 1407-41. 
Akiyama T, Ishida J, Nakagawa S. Ogawara H, 
Watanabe S, Itoh N, Shibuya M, Fukami Y. Geni- 
stein. a specific inhibitor of tyros i ne-s pec i fie 
protein kinases. J Biol Chem 1987; 262: 5592-5. 
Ogawara H. Akiyama T, Watanabe S, Ito N, Kobori 
M. Sedoa Y. Inhibition of tyrosine protein kinase 
activity by synthetic isoflavones and flavones. J 
Antibiotics 1989; XU: 340-3. 
Teraoka H, Ohmura Y, Tsukada K. The nuclear 
matrix from rat liver is capable of phosphorylating 
exogenous tyrosine -containing substrates. Biochem 
Intern 1989; 18: 1203-10. 

Markovits J, Linassicr C, Fosse* P, Couprie J, Pierre 
J, Jacquemin-Sablon A, Saucier J-M, Le Pecq J-B. 
Larsen AK, Inhibitory effects of the tyrosine kinase 
inhibitor genistein on mammalian DNA topo- 
isomerase II. Cane Res 1989; 49: 5 1 1 1 -7. 
Bannwart C, Adlercreutz H, Wahfila K, Kotiaho T, 
Hesso A, Brunow G. Hase T. 1988. Identification 
of the phyto-oestrogen 3',7-dihydroxyisoflavan, an 
isomer of equol, in human urine and cow's milk. 
Biomed Environ Mass Spectrom 1988; 17: 1-6. 
Bannwart C, Adlercreutz H. WahalS K, Brunow G. 
Hase T. Detection and identification of the plant 
lignans laricixesinol, isolariciresinol and secoiso- 
lariciresinol in human urine. Clin Chim Acta 1989; 
180: 293-302. 

Wahalfi K, Makela T, BMckstrom R, Brunow G, 
Hase T. Synthesis of the [*H]-labelled urinary 
lignans. enterolactone and enterodiol, and the 
phytoestrogen daidzein and its metabolites equol 



68 



69 



70 



71 



72 



73 



74 



75 



76 



77 



78 



and O-desmethyl-angolensin. J Chem Soc Perkin 
Trans 1986;1:95-98. 

Markarevich BM, Clark JH. Two binding sites for 
estradiol in rat uterine nuclei: Relationship to 
uterotropic response. Endocrinology 1979; 105: 
1458-62. 

Markarevich BM, Unchurch S, Clark JH. Proges- 
terone and dexamethasone antagonism of uterine 
growth: A role for a second nuclear binding site for 
estradiol in estrogen action. J Steroid Biochem 
1981; 14: 125-32. 

Markarevich BM, Roberts RR, Alejandro MA, John- 
son GA, Middleditch BS, Clark JH. Bioflavonoid 
interaction with rat uterine type II binding sites and 
cell growth inhibition. J Steroid Biochem 1988; 30: 
71-8. 

Markarevich BM, Gregory RR, Alejandro M-A, 
Clark JH, Johnson GA, Middleditch BS. Methyl p- 
hydroxyphenyllactate. An inhibitor of cell growth 
and proliferation and an endogenous ligand for 
nuclear type-II bindim* sites. J Biol Chem 1988; 
263:7203-10. 

Adlercreutz H, Honjo A, Higashi A, Fotsis T, 
Hamalainen E, Hasegawa T, Okada H. Lignan and 
phytoestrogen excretion in Japanese consuming 
traditional diet Scand. J Gin Lab Invest 1988; 48 
(Suppl 190): 190. 

Adlercreutz H, Hflckerstedl K, HfimaJlinen E, Fotsis 
T, Bannwart C. Bloigu S, Wahfila K, Makela T. 
Brunow G, Hase T. Lignan and phytoestrogen excre- 
tion in Finnish premenopausal omnivorous and vege- 
tarian women and in women with breast cancer. 
Scand J Clin Lab Invest '1988; 48 (Suppl 190): 190. 
Axelson M, Sjdvall J, Gustafsson BE, Setchell 
KDR. Soya — a dietary source of the non-steroidal 
oestrogen equol in human and animals. J Endo- 
crinol 1984; 102: 49-56. 

Adlercreutz H, Fotsis T, Bannwart C. MSkelS T, 
Wfthftla K, Brunow G, Hase T. Assay of Lignans 
and phyto-oestrogens in urine of women and in 
cow milk by GC/MS (SIM). In: Advances in Mass 
Spectrometry -85. Proceedings of the 10th Interna- 
tional Mass Spectrometry Conference. Todd JFJ, 
ed. John Wiley, Chichester. Sussex 1986; 1293-4. 
Cantarelli C. Cereals as food: New technological 
trends and their nutritional implications. Somogyi 
JC, MUtler HR eds, In: Nutritional impact of food 
processing. Bibt Nutr Dieta. Karger, Basel 1989; 
43:31-46. 

Elkik F. Gompel A, Mercier-Bodard C. Kuttenn F, 
Guyenne PN, Corvol P. Mauvais-Jarvis P. Effects 
of percutaneous estradiol and conjugated estrogens 
on the level of plasma proteins and triglycerides in 
postmenopausal women. Am J Obstet Gynec 1982; 
143: 888-92. 

Hoist J. Cajander S, CarlstrOm K. Damber M-G. 
von Schoultz. A comparison of liver protein indue- 



«© 1999 INIST CNRS. Tousdroiis dc propnctc inicucciuciic resci^es.^upiixiucuuii, ^n^»u 



Western diet and Western diseases 21 



tion in postmenopausal women during oral and 
percutaneous oestrogens replacement therapy. Br. J. 
Obstet. Gynaec. 1983; 90: 355-60. 
79 Armstrong BK, Brown JB, Clarke HT, Crooke DK, 
Hahnel R, Masarei JR. Ratajczak T. Diet and repro- 
ductive hormones: a study of vegetarian and non- 
vegetarian women. J Natl Cancer Inst 1981; 67: 
761-7. 

&0 Dao TL. Metabolism of estrogens in breast cancer. 
rf Biochim Biophys Acta 1979; 560: 397-426. 

8 1 Zumoff B. Hormonal profiles in women with breast 
cancer (Review). Anticancer Res 1988; 8: 627-36. 

82 Lubin F, Wax Y, Modan B. Role of fat, animal 
protein, and dietary fiber in breast cancer etiology: 4 
a case-control study. J Natl Cane Inst 1986; 77: * 
605-12. 

83 Brisson J, Verreault R, Morrison AS, Tennina S, 
Meyer E Diet, maramographic features of breast 
tissue, and breast cancer risk. Am J Epidem 1989; 
130:14-24. 

84 Kolonel LN., Hankin JH, Lee J, Chu SY, Nomura 
AMY. Hinds MW. Nutritient intakes in relation to 
cancer incidence in Hawaii. Br J Cancer 1981; 44: 
332-9. 

85 Pryor M, S lattery ML. Robison LM, Egger M. 
Adolescent diet and breast cancer in Utah. Cancer 
Res 1989; 49: 2161-7. 

86 Willett WCStamper MJ t Colditz GA. Rosner B. 
Hennekens CH, Speizer FE. Dietary fat and the risk 
of breast cancer. N Engl J Med 1987; 316: 22-8. 

87 Schatzkin A. Greenwald P, Byar DP, Clifford CK. 
The dietary fat-breast cancer hypothesis is alive. 
JAMA 1989;261:3284-7. 

88 Prentice RL, Pepe M, Self SG. Dietary fat and 
breast cancer A quantitative assessment of the epi- 
demiological literature and a discussion of method- 
ological issues. Cancer Res 1989; 49: 3147-56. 

89 Report from the IARC Intestinal Microecology 
Group. Dietary fibre, transit-time, faecal bacteria, 
steroids, and colon cancer in two Scandinavian 
populations. Lancet 1977; ii: 207-11. 

90 Seppanen R, Strand R, Button RK. Dietary patterns 
in Parikkala and Helsinki. Finland. Nutrition and 
Cancer 1982; 4: 41-9. 

9 1 Axelson M, Sjdvall J, Gustafsson BE, SetcheU KDR. 
Origin of Hgnans in mammals and identification of 
a precursor from plants. Nature 1982; 298: 659-60. 

92 van't Veer P. Dckker JM. Lamers JWJ, Kok FJ, 
Schouten EG. Brants HAM, Sturmans F, Hermus 
RJJ. Consumption of fermented milk products and 
breast cancer A case-control study in the Nether- 
lands. Cancer Res 1989; 49: 4020-3. 

93 Goldin BR, Gorbach SL, The effect of milk and 
Lactobacillus feeding on human intestinal bacterial 
enzyme activity. Am J Clin Nutr 1984; 39: 756-61. 

94 Gorbach SL, Estrogens, breast cancer, and 
intestinal flora. Rev Infect Dis 1984; 6: S85-S90. 



95 Barnes S, Grubbs C, SetcheU KDR. Chemopreven- 
tion by powdered soybean "chips (PSQ of mam- 
mary tumors in rats. Breast Cancer Res Treat 1988; 
12: 128. 

96 Jones LA, Ota DM, Jackson GA. Jackson PM. Kemp 
K, Anderson DE, McCamant SK, Bauman DH. Bio- 
availability of estradiol as a marker for breast cancer 
risk assessment. Cancer Res 1987; 47: 5224-9. 

97 Fishman J. Schneider J. Hershcopf RJ Bradlow HL 
1984. Increased estrogen- 1 6a-hydroxy lase activity 
in women with breast and endometrial cancer. J 
Steroid Biochem 1984; 20: 1077-8L 

98 Bradlow HL, Hershcopf RJ, Martucci CP. Fishman J. 
Estradiol 16a-hydroxylase in the mouse correlates 
with mammary tumor incidence and presence of 
murine mammary tumor virus: A possible model for 
the hormonal etiology of breast cancer in humans. 
Proc Nad Acad Sci (USA) 1985; 82: 6295-9. 

99 Bradlow HL, Hershcopf RE, Fishman JF. Ocstra- 
diol 16a-hydroxy)ase: a risk marker for breast 
cancer. Cancer Surveys 1986; 5: 573-83. 

100 Jasonni VM, Bulletti C, Franceschetti F, Bonavia 
M. Bolelli G, Ciotti P, Flamigni C. Estrone sulphate 
plasma levels in postmenopausal women with and 
without endometrial cancer. Cancer 1984; 53: 
2698-700. 

101 Uehr JG. Ulubelen AA. Strobel HW. Cytochrome 
P-450-mediated redox cycling of estrogens. J Biol 
Chem 1986:261: 16865-70. 

102 McLachlan J A, Wong A, Degen GH t Barrett JC. 
Morphological and neoplastic transformation of 
Syrian hamster embryo fibroblasts by diethyl- 

' stilbestrol and analogs. Cancer Res 1982; 42: 104-9. 

103 Epe B, Metzler M. Nature of the macromolecular 
binding of diethylstilbestrol to DNA and protein 
following oxidation by peroxidase/hydrogen 
peroxide. Chem-Biol Interactions 1985; 56: 351-61. 

104 Epe B. Hegler J, Metzler M. Site-specific covalent 
binding of stilbene-type and steroidal estrogens to 
tubulin following metabolic activation in vitro. 
Carcinogenesis 1987; 8: 1271-5. 

105 Kalyanaraman B, Sealy RC, Liehr JG. Characteri- 
zation of semiquinone free radicals formed from 
stilbene catechol estrogens. J Biol Chem 1989; 264: 
11014-9. 

106 Wood AW, Smith DS, Chang RL, Huang M-T, 
Conney AH. Effects of flavonoids on the metabo- 
lism of xenobiotics. In Plant flavonoids in Biology 
and Medicine: Biochemical, pharmacological, and 
structure-activity relationships. Cody V, Middleton 
E, Jr, Harbome JB, eds. Alan R. Liss, Inc.. New 
York 1986; 195-210. 

107 Reddy BS, Cohen LA, McCoy GD. Hill P. Weis- 
burger JH. Wynder EL Nutrition and its relation- 
ship to cancer. Adv Cancer Res 1980; 32: 237-345. 

108 Reddy BS, Cohen LA, eds. Diet, nutrition and 
Cancer: A critical evaluation Vol. I and II, CRC 



.© 19991N1ST CNKS. lous droits ac propnac imciicciucnc .oc. >c a ..x^ 



Afguviiyii, H.IHWI 



V* ... 



449 



22 H. Adlercreutz 



Ill 



112 



113 



Press 1986. 

109 Tdrnberg SA, Holm L-E, Carstensen JM. Breast 
cancer risk in relation to serum cholesterol, serum 
beta-lipoprotein. height, weight, and blood 
pressure. Acta Oncol 1989; 27: 31-7. 

110 Hsing AW, Comstock GW. Serum hormones and 
risk of subsequent prostate- cancer. Am J Epidem 
1989; 130: 829. 

Ota K, Misu Y. A study on latent carcinoma of the 
prostate in Japanese. GANN 1958; 49: (Suppl) 283- - 
4. 

Breslow NE, Chan CW, Dhoro G Dniry RAB, 
Frnaks LM t Gellei B. Lee YS, Lundberg S. Sparke 
B, Sternby NH, Tulinius M. Latent carctnpma of 
prostate at autopsy in seven areas. Int J Cancer 
1977; 20: 680-8. 

Yatani R, Chigusa L Akazaki K, Stemmerman GN, 
Welsh RA, Correa P. Geographic pathology of latent 
prostatic cancer. Int J Cancer 1982; 29: 61 1-6. - 

114 Griffiths K, Davies P. Eaton CL, Harper ME, 
Peeling WB. Turkes AO, Turkes A, Wilson DW, 
Pierrepoint CG. Cancer of the prostate: endocrine 
factors. Oxford Reviews of Reproductive Biology 
1987; 9: 192-259. 

115 Rarmikko S, Adlercreutz H. Plasma estradiol, free 
testosterone, sex hormone binding globulin binding 
capacity, and prolactin in benign prostatic hyper- 
plasia and prostatic cancer. The Prostate 1983; 4: 
223-9. 

116 Haapiainen R, Raruiikko S, Adlercreutz H, Alfthan 
6. Correlation of pretreatmcnt plasma levels of 
estradiol and sex -hormone-binding globulin-bind- 
ing capacity with clinical stage and survival of 
patients with prostatic cancer. The Prostate 1986; 8: 
127-37. 

1 17 Adlercreutz H. The significance of intestinal micro- 
flora and diet for the metabolism and production of 
hormones with special reference to cancer (in 
Swedish). Finska Lflkaresallskapets Handlings 
1985;129:217-25. 

118 Mills PK, Beeson WL, Phillips RL, Fraser GE. 
Cohort study of diet, lifestyle and prostate cancer in 
advemist men. Cancer 1989; 64: 598-604. 

119 Severson RK, Nomura AMY, Grove JS. Stemmer- 
mann GN. A prospective study of demographics, 
and prostate cancer among men of Japanese ances- 
try in Hawaii. Cancer Res 1989; 49: 1857-60. 

120 Troll W, Wiesner R, Shellabarger a, Holtzman S, 
Stone JP. Soybean diet lowers breast tumor inci- 
dence in irradiated rats. Carcinogenesis 1980; 1: 
469-72 

121 Lapidus L. Lindstedt G. Lundberg P-A, Bengtson 
C, Gredmark T. Concentrations of sex-hormone- 
binding globulin and corticosteroid-binding glob- 
ulin in serum in relation to cardiovascular disease 
and overall mortality in postmenopausal women. 
Clin Chem 1986; 31: 146-52. 



122 Hamalainen E, Ttkkanen H, Harkdnen M, Naveri H, 
Adlercreutz H. Serum lipoproteins, sex hormones 
and sex hormone binding globulin in middle-aged 
men of different physical fitness and risk of coronary 
heartdisease. Atherosclerosis 1987; 67: 155-62. 

123 Hamalainen E, Adlercreutz H, Ehnholm C, Puska 
P. Relationships of serum lipoproteins and apo- 
proteins to sex hormones and to the binding capaci- 
ty of sex hormone binding globulin in healthy 
Finnish men. Metabolism 1986; 35: 535-41. 

124 Schaefer E, Foster D, Zech L, Ltndgren FT, Brewer 
HB, Levi RL The effect of estrogen administration 
on plasma lipoprotein metabolism in premeno- 
pausal females. J Qui Endocrinol Metab 1983; 57: 
262-7. 

125 Clark A. Steroid delta-4-reductases: Their physio- 
logical role and significance. In: Hobkirk R, ed. 
Steroid Biochemistry, CRC, Fla, 1979: 1-28. 

126 Levy RI. Cholesterol, lipoproteins, apoproteins and 
heart disease: Present status and future prospects. 
Gin Chem 1981; 27: 653-62. 

127 Maciejko JJ, Holmes DR, Kottke BA, Zinsrrieister 
AR, Dinh DM. Mao SJT. Apolipoprotein A-I as a 
marker of angiographically assessed coronary- 
artery disease. N Engl J Med 1983; 309: 385-9. 

128 Jong Wasvary M. Kothari HV, Steele RE, Gruen- 
feld N, Steinetz BG. Identification of potential anti- 
atherc^lerotic/hypolipidemic agents by their effect 
on hepatic conversion of andrc*t-4-ene-3,l7-dione 
to etiocholanolone and androsteronc. Athero- 
sclerosis 1985; 54: 23-36. 

129 Englyst HN, Bingham SA, Wiggins HS, Southgate 
DAT, SeppSnen R, Helms P, Anderson V, Day KC, 
Choolun R, Collinson E, Cummings JH. Nonstarch 
polysaccharide consumption in four Scandinavian 
populations. Nutr Cancer 1982; 4: 50-60. 

130 Sharma RD. Isoflavones and hypercholesterolemia 
in rats. Lipids 1979; 14: 535-40. 

131 Sirtori CR, Agradi E, Conn" F, Mantero O, Gatti E. 
Soybean -protein diet in the treatment of type- II 
hyperlipoproteinemia. Lancet 1977; i: 275-7. 

132 Schweizer TF, Bekhechi AR, Koellreutter B, 
Reimann S, Pomctta D, Bron B A. Metabolic effects 
of dietary fiber from dehulled soybeans in humans. 
Am J Gin Nutr 1983; 38: 1-11. 

133 Howell MA. The association between colorectal 
cancer and breast cancer. J Chron Dis 1976; 29: 
243-61. 

134 Corneas CN, Desai TK, Artow FA. Relationship of 
hormones and growth factors to colon cancer. 
Gastroenterology Clinics of North America 1988; 
17: 761-72. 

135 McMichael AJ, Potter JD, Reproduction, endo- 
genous and exogenous sex hormones, and colon 
cancer. A review and hypothesis. JNCI 1980; 65: 
1201-7. 

136 Potter JD. McMichael AJ. Large bowel cancer in 



/ 



Western diet and Western diseases 23 



» « 



'n 

i 



women in relation to reproductive and hormonal 
factors: A case-control study. JNCI 1983; 71: 703-9. 

137 Alford TC, Do H-M. Geelhoed GW, Tsangaris NT, 
Lippman ME Steroid hormone receptors in human 
colon cancers. Cancer 1979; 43: 980-4. 

138 Wobbes T, Beex LVAM, Koenders AMI. Estrogen 
and progestin receptors in colonic cancer. Dis 
Colon Rectum 1984; 27: 591-1 

139 dlstria M, Fasano S, Camogno F, GaetaF, Bucci L, 
Benassai G, Mazzeo F, Delrio G. Androgen and pro- 
gesterone receptors in colonic and rectal cancers. 
Dis Colon Rectum 1986; 29: 263-5. 

140 Stebbings WSL, Farthing MJG, Vinson GP, North- 
over JMA, Wood RFM. Androgen receptors in 
rectal and colonic cancer. Dis Colon Rectum 1986; 
29:95-8. 

141 Stebbings WSL, Vinson CP, Farthing MJG, Balk- 
will F, Wood RFM. Effect of steroid hormones on 
human colorectal adenocarcinoma xenografts, of 
known steroid-receptor status, in nude mice. J 
Cancer Res 1989; 1 15: 439-44. 

142 SetcrieUKDR,UwsraAM.BomeUoSP,Harkness 
R, Gordon H, Morgan DML, Kirk DN, Adlefcreutz 
H, Anderson LC, Axelson M. Lignan formation in 
man-Microbial involevement and possible roles in 
relation to cancer. Lancet 1981; ii: 4-7. 

143 Potter JD, McMichael AJ. Diet and cancer of the 
colon and rectum: A case-control study. JNCI 
1986; 76: 557-69. 

144 Rogers AE, Longnecker MP. Biology of disease. 
Dietary and nutritional influences on cancer: A 
review of epidemiologic and experimental data. 
Lab Invest 1988; 59: 729-59. 

145 Lee HP. Gouriey U Duffy SW, Estfcve J, Day NE. 
Colorectal cancer and diet in an Asian population- 
A Case control study among Singapore Chinese. Int 
J Cancer 1989; 43: 1007-16. 

146 McKeown-Eyssen GE, Bright-See E. Dietary factors 
in colon cancer International relationships. Nutr 
Cancerl984;6: 160-70. 

147 Jacobs LR. Fiber and colon cancer. Gastroentero- 
logy amies of North America 1988; 17: 747-60. 

148 Heilbrun LK, Nomura A, Hankin JH, Sternmermann 
GN. Diet and colorectal cancer with special refer- 
ence to fiber intake. Int J Cancer 1989; 44: 1-6. 

149 Jensen OM, MacLennan R, Wahrendorf J. Diet, 
bowel function, fecal characteristics, and large 
bowel cancer in Denmark and Finland. Nutr Cancer 
1982;4:5-19. 

150 Samelson SL, Nelson RL, Nyhus LM. Protective 
role of faecal pH in experimental colon carcino- 
gensis. J Royal Soc Med 1985; 78: 230-3. 

151 Walker ARP, Walker BF, Walker AJ. Faecal pH, 
dietary fibre intake, and proneness to colon cancer 
in four South African populations. Br J Cancer 
1986;53:489-95. 

152 Wargovich. MJ, Eng VWS, Newmark HL. Bruce 
WR. Calcium ameliorates the toxic effect of deoxy- 



cholic acid on colonic epithelium. Carcinogenesis 
1983; 4: 1205-7. 

153 Rafter JJ. Eng VWS, Furrer R, Medline A, Bruce 
WR. Effects of calcium and pH on the mucosal 
damage produced by deoxycholic acid in the rat 
colon. Gut 1986; 27: 1320-9. 

154 Bruce WR. Recent hypotheses for the origin of 
colon cancer. Cancer Res 1987; 47: 4237-42. 

155 Goldin BR, Lombardi P, Mayhew J, Gorbach SL. 
Factors that affect intestinal bacterial activity; 
Implications for colon carcinogensis. In: Banbury 
report 7 — Gastrointestinal cancer Endogenous 
factors, Bruce WR, Correa P, Lipkin M, Tannen- 
baum SR, Wilkins TD, eds. Cold Spring Harbor 
Laboratory 1981; 41-57. 

156 Trudel JL, Senterman MK, Brown RA. The 
fat/fiber antagonism in experimental colon carcino- 
gensis. Surgery 1983; 94: 691-6. 

157 Galloway DJ, Owen RW, Jarrett F, Boyle P, Hill MJ, 
George WD. Experimental colorectal cancer the 
relationship of diet and faecal bile acid concentration 
to tumour induction. Br J Surg 1986; 73: 233-7. 

158 Reddy BS, Maeura Y, Wayman M. Effect of dietary 
corn brao and autohydrolyzed lignin on 3,2'- 
dimethyl-4-aminobiphenyl-induced intestinal 
carcinogensis in male F344 rats. JNCI 1983; 71: 
419-23. 

159 Temple NJ, Basu HC Dietary fibre and the mouse 
colon: Its influence on luminal pH, reducing activity 
and bile acid binding. Cancer Lett 1988; 41: 111-8. 

160 Korpela JT, Adlercreutz H, Turunen MJ. Fecal free 
and conjugated bile acids and neutral sterols in 
vegetarians, omnivores, and patients with colorectal 
cancer. Scand J Gastroenterol 1988; 23: 277-83. 

161 Eastwood MA, Elton RA, Smith JH. Long-term 
effect of wholemeal bread on stool weight, transit 
time, fecal bile acids, fats, and neutral sterols. Am J 
ClinNutr 1986; 43: 343-9. 

162 Powles JW, Williams DRR. Trends in bowel cancer 
in selected countries in relation to wartime changes 
in flour milling. Nutr Cancer 1984; 6: 41-8. 

163 Jouin H, Baumann R, Derion A, Varra A, Calderoli 
H, Jaeck D, WeUl-Bousson M. Weill J-P. Is there an 
increased incidence of adenomatous polyps in 
breast cancer patients? Cancer 1989; 63: 599-603. 

164 Stemmerman GN, Heilbrun LK, Nomura A, Yano 
K, Hayashi T. Adenomatous polyps and athero- 
sclerosis: An autopsy study of Japanese men in 
Hawaii. Int J Cancer 1986; 38: 789-94. 

165 Wilpart M, Mainguet P, Maskens A, Roberfroid M 
Mutagenicity of 1 .2 -dimethyl hydrazine towards 
Salmonella typhimurium, co-mutagenic effect of 
secondary biliary acids. Carcinogenesis 1983; 4: 
45-8. 

166 Jenkins DJA, Jenkins AL, Rao AV, Thompson LU. 
Cancer risk: Possible protective role of high carb- 
ohydrate high fiber diets. Am J Gastroent 1986; 81: 
931-5. 



*fb&*f4tt* fQf.M I TQffgjip hu ^mmm> T. - „-,.. ~- „ . . . „. ......... ... % - • ..j. ^ ro> A , 

""Q2004 INIST CNRS . Ttus droits dc pmpriiti intellectuelle reserves. Reproduction, "representation ct diffusion interdites. Loi du 0U07/92. Articles 5 ,6 ct 7 des CGV 




J. Steroid Biochem. Molec. Biol. Vol 41, No. 3-8, pp. 331r337, 1992 
Printed in Great Britain. All rights reserved 



0960-0760/92 $5.00 + 0.00 
Copyright © 1992 Pergamon Press pic 



DIETARY PHYTOESTROGENS AND CANCER: IN VITRO 
AND IN VIVO STUDIES 
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Summary— Thirty postmenopausal women (11 omnivores, 10 vegetarians and 9 apparently 
healthy women with surgically removed breast cancer) were investigated with regard to the 
association of their urinary excretion of estrogens, lignans and isoflavonoids (all diphenols) 
with plasma sex hormone binding globulin (SHBG). A statistically significant positive 
correlation between urinary total diphenol excretion and plasma SHBG was found which 
remained statistically significant after elimination of the confounding effect of body mass 
determined by body mass index (BMI). Furthermore we found a statistically significant 
negative correlation between plasma SHBG and urinary excretion of 16a-hydroxyestrone and 
estriol which also remained significant after eliminating the effect of BMI. Furthermore we 
observed that enterolactone (Enl) stimulates the synthesis of SHBG by HepG2 liver cancer 
cells in culture acting synergistically with estradiol and at physiological concentrations. Enl 
was rapidly conjugated by the liver cells, mainly to its monosulfate. Several lignans and the 
isoflavonoids daidzein and equol were found to compete with estradiol for binding to the rat 
uterine type II estrogen binding site (the s.c. bioflavonoid receptor). It is suggested that lignans 
and isoflavonoids may affect uptake and metabolism of sex hormones by participating in the 
regulation of plasma SHBG levels and in this way influence their biological activity and that 
they may inhibit cancer cell growth like some flavonoids by competing with estradiol for the 
type II estrogen binding sites. 



INTRODUCTION 

Weakly estrogenic diphenolic compounds, be- 
longing to the classes of lignans (Ligs) and 
isoflavonoids (Ifls), are excreted in large 
amounts in human (and animal) urine. Subjects 
consuming whole-grain products, seeds, fruits 
and berries (contains mammalian lignan precur- 
sors) and spy products (contains isoflavonoids, 
and lignan precursors) [1-6] have high excretion 
of these compounds. Up to now about 15 
structurally different compounds were isolated 
and identified by combined gas chromatog- 
raphy-mass spectrometry (GC/MS) [structures 
and literature in 4, 6, 7]. Intestinal bacteria play 
an important role in the transformation of the 
plant precursors [2, 7, 8]. 

Lignan excretion in women is usually high 
in areas with low risk for breast cancer (BC) 
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like North Karelia in Finland [4], and in 
vegetarians [4, 5, 9, 10] and low in women 
living in high-risk areas like Boston, U.S.A. 
[4,5,10]. In old women with BC in Boston 
the excretion was very low [10] and it was 
also relatively low in Finnish young women 
with BC[9]. On the other hand we also 
found low excretion of Ligs in Japanese 
women consuming traditional Japanese diet 
and having low BC risk. However these 
subjects excreted very high amounts of Ifls, 
particularly genistein (Gen) and daidzein 
(Daid) [11]. There is already evidence suggesting 
that both Ligs and Ifls are protective with 
regard to BC [12-17] and that Ifls may be 
protective with regard to prostate cancer 
(PC) [16, 18]. 

In the present study we continue to explore 
the link between the Ligs and Ifls, and hormone- 
dependent cancer and the possible mechanisms 
by which the cancer-protective effect of these 
compounds is exerted. The results obtained 
strongly suggest that these compounds have 
cancer-protective properties. 
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MATERIALS AND METHODS 

Subjects and their diet 

In this connection only some preliminary in 
vivo results with regard to plasma sex hormone 
binding globulin (SHBG), urinary estrogens, 
Ligs and Ifls for the last part of the "Finlandia" 
study involving postmenopausal women will be 
described. The groups studied were 1 1 omnivo- 
rous and 10 vegetarian women and 9 apparently 
healthy women with breast cancer (BC) treated 
with surgical removal of the breast (Stage I and 
II). Simultaneously with the collection of urine 
and blood samples, very careful dietary records 
during 5 days were obtained, once in winter and 
once in the summer time. The dietary differences 
were surprisingly small. Preliminary calcu- 
lations showed that the vegetarians had higher 
intake of total fiber (22.7g/day, geometric 
means) than the omnivores (16.6 g/day) and the 
BC patients (l 6.0 g/day) but this was statisti- 
cally significant only when compared with the 
BC group (P < 0.04). No significant differences 
in dietary intake between the omnivorous 
and BC groups could be observed. Cholesterol 
intake was significantly lower in the vegetarians 
(omnivores vs vegetarians P < 0,02; BC vs 
vegetarians P < 0.002). Furthermore we found 
a statistically significantly higher intake of 
vegetable fiber in the vegetarians compared to 
the BC group (vegetarians 4.5 g/day and BC 
2.3 g/day, P < 0.03). Complete dietary data will 
be published elsewhere. 

Collection of blood and urine samples 

The women collected 72-h urine samples and 
three different blood samples were drawn be- 
tween 8 and 9 a.m. into heparinized tubes on the 
same consecutive days. The plasma was pooled 
and the samples were stored with 0.1% ascorbic 
acid and 0.1% sodium azide at -20°C until 
analyzed. In the present study the mean values 
for one winter and one summer collection 
period were used (6 plasma and 2 x 72-h urine 
samples for each subject). 

Reference standards and deuterium-labelled 
compounds 

The Ligs Enl, End, matairesinol (Mat), and 
the Ifls, Daid, Equol and 0-desmethyl-ango- 
lensin (0-Dma) were synthesized and the prep- 
aration of the deuterium-labelled standards was 
carried out as described previously [lit. in 19]. 
The isoflavonoid Gen was a generous gift from 
Professor K. Kallela. 



Cell cultures 

Prior to the growth experiments the cells 
(HepG2 liver cancer and MCF-7 breast cancer 
cells, American Type Culture Collection, 
Rockville, Md, U.S.A.) were maintained in 
Dulbecco's modified Eagle's medium (DM EM) 
without phenol red supplemented with 10 mM of 
L-glutamine, 100 IU/ml of penicillin, lOOIU/ml 
of streptomycin, 1% (v/v) NEAA, and 15mM 
Hepes (Boehringer Mannheim, Fed. Rep. 
Germany) with 10% fetal calf serum (FCS). 
Before the experiment the cells were detached by 
removing the medium and washing with ice-cold 
Ca- and Mg-free phosphate buffered saline 
(PBS) (Orion Diagnostics, Espoo, Finland) and 
trypsinization (trypsin 0.05%, EDTA 0.02%). 
100,000 to 400,000 cells, depending on the size 
of the plastic petri dishes, were plated in the 
same medium but now with 5% FCS for two 
days. The medium was removed, cells washed 
with PBS, and fresh medium with 5% twice 
DCC-treated FCS added and incubated for a 
further 3 days. The preparation of the DCC- 
treated FCS was carried out as described [15]. 

After the final washing of the cells twice with 
ice-cold PBS and added fresh medium with 5% 
DCC-treated FCS, the cells received effectors 
in ethanol solution to a final concentration of 
not more than 0.1% ethanol. The cells were 
maintained at 37°C in a 100% humid atmos- 
phere of 92% air and 8% carbon dioxide as a 
monolayer culture in Falcon's plastic petri 
dishes (9 cm dia.) or in dishes with six 2.5 cm 
wells. The effectors were added once per day 
and the medium changed every fifth day. Dur- 
ation of experiments was 8-10 days. Cells were 
counted both manually in a Burker chamber 
and using the Coulter counter industrial cell 
counter (Coulter Electronics Ltd, Luton, 
Beds., England). DNA was measured by 
fluorometry with a slight modification of the 
original procedure [20] using the Transcon 102 
FN fluoronephelometer (Elomit Oy, Helsinki, 
Finland) and the results were expressed in 
pmol/mg DNA. 

Cell cultures in metabolite studies and determi- 
nation of enterolactone conjugates 

In the metabolite studies with HepG2 cells, 
the cells, after the initial treatment described 
above, were first grown for four days as de- 
scribed and every morning Enl was added to a 
final concentration of 1 /iM. After four days the 
medium was removed and the cells washed with 
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ice-cold PBS and fresh medium added. There- 
after the procedure was continued for another 4 
days and 24 h after the last addition of Enl 
extraction was carried out as described [15]. 
The fractionation of Enl conjugates and their 
determination was carried out as previously 
described [21] with slight modifications [15], To 
the final fractions 211.2ng 2 H 6 -Iabelled Enl 
was added in 50/iI of ethanol, the solvent 
evaporated to dryness and the samples silylated. 
After trimethylsilyl ether derivative formation 
the solvent was evaporated to dryness, the 
residue was dissolved in a suitable amount of 
n-hexane and the quantitation carried out by 
GC/MS in the selected ion monitoring (SIM) 
mode as described [22], 

In studies on the time course of Enl conju- 
gation, 1 million HepG2 cells were plated and 
Enl added to a final concentration of 2//M. 
Samples were taken at various time intervals up 
to 74 h. Medium was extracted with ethyl ether 
and the conjugates hydrolyzed with Helix po- 
matia extract as described [22] and the liberated 
aglycone extracted with ether and assayed bv 
GC/MS. y 

Determination of SHBG in the medium 

SHBG assays in the medium were carried'out 
with a highly sensitive time-resolved fluoro- 
immunoassay (TR-FIA) using reagents pro- 
vided by Farmos Ltd (Turku, Finland). 

Studies of the binding of diphenols to the nuclear 
type If estrogen binding site 

Adult ovariectomized rats were implanted 
with 20 jig of estradiol (E2) and 96 h after 
treatment uterine nuclear fractions were pre- 
pared. The various lignans and isoflavonoids 
were dissolved in Tris-EDTA buffer containing 
20% ethanol and their ability to inhibit the 
binding of [ 3 HJestradiol (40 nM) to nuclear type 
II sites were assessed [23, 24]. 

Assays of estrogens, lignans and isoflavonoids in 
urine and SHBG in plasma 

Ligs and Iris were determined in urine by 
an isotope dilution gas chromatographic-mass 
spectrometry method recently described [19] 
combining the method with the estrogen profile 
method also described previously [22], This 
allows simultaneous assay of 20 compounds In 
the present study Mat and Gen were not assayed 
because the method did not include these two 
compounds at the time of analysis. Thus we 
determined 13 estrogens and the Ligs Enl and 



333 

End, and the Ifls Daid, Equol, and 0-Dma. 
SHBG in plasma was determined by the RIA kit 
provided by Farmos Ltd. 

Statistical methods 

The mean values presented are geometric 
means. In the statistical analyses the mean 
values for the winter and summer collection 
periods were used and when necessary logarith- 
mic transformation was made because of skew- 
ness of the distribution of the results. The degree 
of univariate associations between two variables 
was estimated as Pearsons correlation co- 
efficients (r). Partial correlations were calculated 
to eliminate the effect of body mass index (BMI) 
on the results. Correlation coefficients and par- 
tial correlation coefficients were calculated using 
the StatView II programme for Macintosh II 
(Abacus Concepts, Inc. Berkely, CA, U.S.A.). 

RESULTS 

SHBG t diphenols and estrogen 16a-hydroxyl- 
ation 

In the three groups of postmenopausal 
women the plasma SHBG values were statisti- 
cally significantly highest in the vegetarians 
(70.3nmol/l) (P < 0.0002) compared to the 
omnivores (31.1 nmol/1) and BC patients 
(34.8 nmol/I). The vegetarians had significantly 
higher urinary excretion of Enl, total Ligs, total 
Ifls, and total diphenols (P < 0.05-P < 0.007) 
compared to the two other groups (details to be 
published elsewhere). 

We found a statistically significant positive 
correlation between urinary excretion of O- 
Dma, Enl, total lignans and total diphenols 
and plasma SHBG. However, this correlation 
was partially dependent on the fact that the 
vegetarians had significantly lower body mass 
(BMI = omnivores 26.1, vegetarians 22.4, BC 
26.2). BMI showed a negative correlation 
with SHBG (r = -0.580; P< 0.001) in these 
subjects. After elimination of the confounding 
effect of BMI we still found a statistically 
significant positive association between the 
urinary excretion of O -Dma (r =0.421), Enl 
(r =0.391), total Ligs (/■ = 0.382) and 'total 
diphenols (r = 0.400) and plasma SHBG 
(P < 0.05 for all). 

When studying the association between 
plasma SHBG and the excretion of individual 
unnary estrogens we found that there was no 
association between SHBG and urinary catec- 
holestrogens. However, we found statistically 
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significant negative correlations between SHBG 
and urinary 16a-hydroxyestrone (r = —0.448; 
P <0.05) and estriol (r = -0.572; P< 0.001). 
Partial correlation coefficients eliminating the 
linear effect of BMI on the results showed that 
these significant associations remained but were 
weaker (r = -0.390 and r = -0.409 for 16a- 
hydroxyestrone and estriol, respectively, both 
P < 0,05). 

Stimulation of SHBG synthesis by enterolactone 
in HepG2 liver cell cultures 

Concentrations of Enl between 0.5 and 
10 nM stimulated SHBG synthesis by HepG2 
human liver cancer cells in culture (Fig. 1). The 
maximal effect was found with 5 /xM concen- 
tration and a toxic effect could be observed with 
concentrations above 10 /iM (Fig. 1). 200 nM 
concentration of estradiol (E2) was needed to 
obtain a similar stimulation of SHBG synthesis 
as 2 fiM of Enl. When E2 (200 nM) and Enl (5 
,or 10 /iM) were combined they had additive 
effects on the synthesis (Fig. 1). 

Metabolism of enterolactone by HepG2 liver cells 

The conjugation of Enl by HepG2 cells was 
very rapid and within 10 h more than 95% was 
conjugated (Fig. 2). The relative concentrations 
of the different conjugates of Enl identified in 
the medium are shown in Table 1. The main 
conjugate was the monosulfate (EnlS) amount- 
ing to about 78% of the total. 



200-/ 



nM Enterolactone 
2000 




I i 



Enterolactone (Enl ) and estradiol (E2) concentrations 

Fig. I. Enterolactone stimulation of sex hormone binding 
globulin (SHBG) synthesis by HepG2 cells in culture in the 
absence and presence of estradiol. Number of experiments 
indicated on the top of the bars. 
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Fig. 2. Conjugation of enterolactone (Enl) (2/iM) added to 
cultures of HepG2 cells. 



Binding of diphenols ot the nuclear type II binding 
site (bioflavonoid receptor) 

Figure 3 (top) shows the binding of the two 
main mammalian lignans Enl and End to the 
nuclear estrogen type II binding site. In addition 
the binding of two plant lignans, matairesinol, 
which is the precursor of Enl [2, 7] and of isolar- 
iciresinol is shown. In the lower part of the 
figure it can be seen that daidzein and equol 
show significant binding but their precursor 
formononetin does not bind to the bioflavonoid 
receptor. 

DISCUSSION 

It has been proposed that a low rate of 
2-hydroxylation and high rate of 16a-hydroxyl- 
ation leads to a greater risk for BC and endo- 
metrial cancer. BC patients, women with genetic 
predisposition for BC and mouse strains with 
high incidence of BC have been shown to have 
high 16a-hydroxylation of estrogens [25-27]. 
Furthermore a parallel increase in ras proto- 
oncogene expression and of estradiol- 16a- 
hydroxylation in human mammary terminal 
duct-lobular units by a carcinogen has been 
found [28]. 



Table 1. Distribution of conjugated metabolites of enterolactone in 
the culture medium 24 h after the last addition of enterolactone 
(1 //M) to the medium of HepG2 liver cancer cells in culture* 



Fraction 


% 


Fraction 


% 


Unconjugated 


0.12 


Monosulfates 


77.6 


Monoglucuronides 


6.29 


Disulfates 


5.33 


Diglucuronides 


6.82 


Sulfogjucuronides 


1.80 


In other fractions 


2.04 






Total 


1 00.0 







'Means of two experiments. 
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Fig. 3. Competition with ['HJestradiol of lignans (top) and 
isoflavonoids with regard lo rat uterine estrogen nuclear 
type II binding sites (bioflavonoid receptor). 



Several earlier studies by others as well as 
our own seem to speak against the hypothesis 
that increased estrogen 16a-hydroxylation is a 
risk factor for BC, because all low-risk groups, 
compared to high-risk groups, have relatively 
more urinary 1 6a -hydroxy lated estrogens, par- 
ticularly if also the fecal estrogens are 
included. These observations have recently been 
discussed [16], In addition we could previously 
not observe any increase in 16a-hydroxylated 
estrogen metabolites in urine of Finnish pre- 
menopausal women with BC compared both to 
omnivorous and vegetarian controls [29]. 

However, in the present study the old Finnish 
women showed statistically significant negative 
correlation between plasma SHBG and urinary 



16a-hydroxyestrone and estriol in the whole 
material (n = 30) with the highest values of 
16a-hydroxylated estrogens and lowest SHBG 
values in the women with BC and the omnivo- 
rous women. In the same material there was a 
significant positive correlation between urinary 
total diphenol excretion and plasma SHBG. All 
these associations remained statistically differ- 
ent despite elimination of the confounding effect 
of BMI on the results, although the associations 
were weaker. It has been shown in many studies 
that a low SHBG level means a higher metabolic 
clearance rate and uptake of sex hormones in 
many tissues including the liver, the principal 
site of estrogen 16a-hydroxyIation. Post- 
menopausal women with BC have frequently 
central obesity and low SHBG levels [30-32] 
and we therefore suggest that some of the in 
vivo results obtained in BC patients showing 
increased estrogen 16oc-hydroxylation may 
have been at least partly due to a low 
SHBG in the studied subjects. To our knowl- 
edge SHBG was never measured in these 
studies. In fact it is possible that increased 
cellular membrane permeability for nonpolar 
estrogens caused by different mechanisms 
may also in other tissues lead to increased 
16a-hydroxylation. 
Estradiol has been found to stimulate the 
. in vitro synthesis of SHBG by HepG2 cells 
in culture, but the concentrations needed for 
significant increase in production are much 
higher (0.5-5 /iM) than those occurring physio- 
logically [33]. Our experiments show that only 
10 times more Enl is needed to show the 
same stimulation of SHBG formation as that 
observed for E2. By relating SHBG synthesis to 
cell number and DNA it could be observed that 
this was not due to increased cell proliferation 
but to a Irue increase in synthesis. This was also 
confirmed by measuring intracellular SHBG 
after sonication of the cells. 

The question arises whether the concen- 
trations of Enl in the organism, particularly in 
the portal vein blood, are sufficiently high to 
have a stimulatory effect on SHBG synthesis. It 
is well known that estrogens administered 
orally, compared to parenteral administration, 
are much more effective in stimulating SHBG 
synthesis [34]. Enl enters the liver via the portal 
vein probably in much higher concentrations 
than those occurring in peripheral plasma. We 
know very little about the levels of Enl in 
plasma. Total Enl (free + conjugated) values in 
4 women ranged between 0.7 and 5.3 nM [35]. 
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Our own unpublished preliminary observations 
suggest that the concentrations are much higher 
in plasma of Finnish women and in vegetarians. 
We observed total Enl values between 15 and 
70 nM and between 20 and over 1000 nM in 
omnivores and vegetarians, respectively. About 
5-30% of the total occurs in the form of 
unconjugated Enl or in the sulfate form. As 
found for estrone sulfate, we believe that the 
sulfates of the iignans can be hydrolyzed at the 
cell membranes and have biological activity 
because of the abundance of intracellular sulfa- 
tases in the organism. Thus it is very likely that 
Enl in the free + sulfate form occurs in con- 
centrations at least 10 times higher than those of 
unconjugated + sulfate-conjugated E2, particu- 
larly in the portal vein blood. This makes it very 
likely that these compounds may be involved in 
regulation of SHBG levels in plasma in agree- 
ment with the positive correlations observed 
in this and previous studies [5, 9] between ex- 
cretion of Iignans and isoflavonoids in urine and 
plasma SHBG. 

Compared with MCF-7 BC cells [15], the 
HepG2 cells conjugate Enl as rapidly (Fig. 1 and 
Table 1), but less monosulfates and higher 
amounts of glucuronides and disulfates are 
formed. The monosulfates represented 78% of 
the total compared to 9 1 % for the MCF-7 cells. 
Thus our preliminary results in plasma showing 
considerable amounts of sulfate-conjugated Enl 
in circulation are in good agreement with the in 
vitro metabolic results obtained with HepG2 
cells. 

Our results show (Fig. 3) that diphenolic 
Iignans and isoflavonoids compete with E2 for 
the rat uterine nuclear estrogen type II binding 
site. These sites seem to constitute a component 
of the genome which regulates estrogen-stimu- 
lated uterine growth [23, 24], Originally it was 
observed that some flavonoids like luteolin, 
quercetin and pelargonin inhibit E2 binding 
to this receptor and in this way uterine cell 
growth. They also inhibited growth of MCF-7 
cells in culture, and in vivo E2 stimulation 
of immature rat uterus [36]. The structures of 
these flavonoids are very similar to those of 
the isoflavonoids. Luteolin, quercetin and per- 
largonin have to our knowledge not been ident- 
ified in the human organism. However, Daid, 
Eq t Enl and End were all found in plasma, 
saliva and urine of human subjects and Enl, End 
and Eq in prostatic fluid [37, and unpublished, 
see above]. Now also Gen, Mat and 0-Dma 
have been detected in plasma in our laboratory. 



It was suggested that the isoflavonoids and 
flavonoids may all act synergistically inhibiting 
cell growth in malignant cells via the type ll 
binding site [16] also called the bioflavonoid 
receptor [36, 38] or by inhibiting specifically 
the tyrosine protein kinase [16] the enzyme 
mediating the activity of many growth factors in 
the cell. 

It is concluded that Iignans and iso- 
flavonoids may influence sex hormone 
metabolism and cancer by influencing plasma 
SHBG levels resulting in lower uptake and less 
biological activity of these steroids and by 
inhibiting growth and proliferation [13- 15, 18] 
of hormone-dependent cancer cells. 
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ABSTRACT Epidemiologic studies revealed low mortality 
in hormone-dependent cancer in Japanese women and men 
consuming a traditional diet. We previously found that certain 
diphenolic food components, lignans and isoflavonoids, which 
are converted to biologically active hormone-like substances by 
intestinal microflora, may be cancer-protective agents. Therefore, 
we studied urinary excretion of these compounds (enterolactone, 
enterodiol, daidzein, equol, and O-desmethylangolensin) in 10 
women and 9 men in a rural village south of Kyoto, Japan. The 
subjects consumed a typical low-fat diet with much rice and soy 
products, fish, and vegetables. An isotope-dilution gas chro- 
matographic-mass spectrometric method was used for the assays. 
The urinary excretion of lignans was low but that of the isofla- 
vonoids was very high. The excretion of isoflavonoids correlated 
with soybean-product intake. The low mortality in breast and 
prostate cancer of Japanese women and men, respectively, may 
be due to the high intake of soybean products. Am J Clin 
Nutr 1991;54:1093-1100. 

KEY WORDS Japanese, diet, urine, lignans, isoflavonoids, 
enterolactone, enterodiol, daidzein, equol, genistein, O-des- 
methylangolensin, soybean, gas chromatography, mass spec- 
trometry, sex-hormone-binding globulin 

Introduction 

Mammalian lignans and isoflavonoid phytoestrogens, occur- 
ring in all studied animal and human biological fluids and in 
feces, are diphenolic compounds with molecular weights similar 
to those of steroid estrogens (1-3). Precursors in plants seem to 
occur as glycosides (4, 5), and the mammalian compounds are 
produced from plant lignans and isoflavonoids by intestinal mi- 
croflora (6-8). Most of the original plant aglycones, such as for- 
mononetin, matairesinol, and secoisolariciresinol, occur onlym 
very low concentrations in urine (9, 1 0). All compounds inves- 
tigated so far are weakly estrogenic but have shown many other 
biological activities, producing antiestrogenic (1-3); antiviral (11, 
1 2); and antiproliferative, cytotoxic, and growth-inhibiting effects 
(3, 1 3- 1 5). Studies indicate that they most likely stimulate the 
production of sex-hormone-binding globulin (SHBG) in the liver 
(2, 14-18) and may in this way significantly influence biological 
activity of the sex hormones. The higher SHBG values seen in 



vegetarians (2, 17-19) are probably due to the effect of these 
diphenolic compounds on liver synthesis of the protein (14). 
Studies in both young and old women with breast cancer and 
in various dietary groups indicate that urinary excretion of these 
compounds is highest in vegetarians and lower in omnivores 
and breast-cancer patients (2, 18, 20). It was shown that their 
urinary excretion correlates with the intake of fiber-rich food (2, 
17, 18). 

Japanese women and women of Japanese origin in Hawaii 
consuming a diet similar to the original traditional Japanese diet 
have low breast-cancer incidence and mortality (21-24). Simi- 
larly, Japanese men have low mortality with prostate cancer, 
although autopsy studies have found that the incidence of pros- 
tate cancer in Japanese and Western men are similar (25-27). 
These cancers are sex-hormone dependent and could potentially 
be influenced both by alterations of sex-hormone metabolism 
caused by lignans and isoflavonoids or by a direct effect of these 
compounds on their growth. Because of the associations between 
diet and these diseases, we decided to study the urinary excretion 
of lignans and isoflavonoid phytoestrogens in groups of Japanese 
men and women consuming a traditional diet. A preliminary 
report was published as an abstract (28). 

Subjects and methods 

Participants 

The subjects participating in this investigation were apparently 
healthy and were recruited in a small rural village south of Kyoto, 
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Japan. Two of the women were found to have hypertension 
(blood pressure 146/96 and 180/100, respectively). Most of the 
participants were farmers cultivating tea and rice. Originally 10 
men and 10 wom en volunteered for the study, but 1 man was 
dropped because his urine volume was not known. Their main 
work was in agriculture and they consumed mainly their own 
products. The ages of the men and women were 50.4 ±18.0 
and 46.8 ± 1 1.5 y, respectively. Height, weight, and body mass 
index [BMI, in weight (kg)/height (m) 2 ] were, respectively, 160.8 
± 7.8 cm, 58.6 ± 5.8 kg, and 22.7 ± 2.3 for men and 153.1 
± 6.5 cm, 52.9 ± 7.2 kg, and 22.6 ± 3.5 for women. All subjects 
were within 15% of normal weight. 

Collection of samples 

Urine was collected for 48 h in plastic bottles containing 2 g 
ascorbic acid. The bottle was kept in a cool place during collec- 
tion. The urine was mixed and measured and a sample was 
frozen as soon as possible and transported to Finland in dry ice 
for analysis. 

Dietary data 

The study was carried out in October 1985. Before the survey 
a nutritionist explained how to weigh the food components and 
how to write down the results on a form. Most of the food was 
weighed. Some food, such as bread and milk, was recorded as 
a piece of bread or cup of milk and the nutritionist estimated 
the weight of these food items afterwards. Food intake was re- 
corded for 3 d and the nutritionist followed all subjects every 
day during the survey period. Calculation of the food data was 
made by an experienced nutritionist using the Standard Tables 
of Food Composition in Japan (29); for fiber calculations the 
Food Composition Tables of Dietary Fibers, Minerals, Choles- 
terol, Fatty Acids was used (30). The amount of soy sauce in 
the diet was calculated from the total sodium chloride content 
of the urine. According to earlier studies Japanese obtain 25.8% 
of their sodium chloride from soy sauce (3 1 ). Soy sauce contains 
15% NaCl. The consumption of soy sauce is estimated by using 
the following formula: 

Soy sauce = (amount of NaCl in urine) X 0.258/0.15 

This is the traditional way to estimate soy sauce consumption 
in Japanese subjects because they do not add any other salt to 
their food. It is an estimate and not an exact figure and the 
values were not included in the correlation analyses. 

Analytical method 

The trivial and systematic names of the compounds measured 
and discussed are as follows [structures were shown previously 
(3)]: enterolactone (Enl), trans- 2,3-bi$[(3-hydroxyphenyl)methylJ- 
7-butyrolactone; enterodiol (End), 2,3-6w[(3-hydroxyphenyl)- 
methyl]-butane-l ,4-diol; daidzein (Da), 4',7-dihydroxyisoflavone; 
equol (Eq), 4',7-dihydroxyisoflavan; O-desmethylangolensin (0- 
Dma), t K2,4^1ihydroxyphenyl>2^4-hydroxyphenyl)-propan- 1 -one. 

The method used was a modification of a method for deter- 
mining the estrogen profile in urine by ion-exchange chroma- 
tography and capillary gas chromatography-mass spectrometry 
in the selected ion-monitoring mode (GC-MS-SIM, or GC/MS) 
(32-34). Originally, estrogens also were determined but because 
of very low concentrations of some fractions, the amount of 



urine saved for the purpose was too small and the analyses could 
not be repeated. Therefore, only the lignan and isoQavonoid 
values are presented. Only modifications of the method are de- 
scribed. 

Protection of the carbonyl functions by ethoximation (nec- 
essary only for the estrogens), and extraction with a Sep-Pak C l8 
cartridge (Waters Associates, Milford, MA) were carried out as 
described (33, 34). The removal of inhibitors of the enzyme 
hydrolysis by ion-exchange chromatography on a DEAE-Seph- 
adex (Pharmacia Fine Chemicals, Uppsala, Sweden) column in 
the acetate form was done in a smaller column (0.5 X 3 cm 
instead of 0.5 X 5 cm). For hydrolysis and purification of the 
hydrolysate, before evaporation of the last fraction obtained from 
the above DEAE-Sephadex column, the following deuterated 
internal standards were added to the eluate: d*-Ent and -End, 
d 4 -Da and -Eq, and d 5 -0-Dma (35, 36). This was followed by 
hydrolysis and Sep-Pak extraction; application of the methanolic 
extract directly on the QAE-Sephadex A-25 in the acetate form 
(0.5 X 5 cm); and elution of the estrogens, lignans, and Eq with 
4 mL methanol as described. The modification in this step is 
that 0-Dma and Da are eluted after this with 4 mL 0.2 mol 
acetic acid/L in methanol. This fraction is then, after evaporation 
of the solvent, ready for derivatization (trimethylsilyl ethers) and 
GC/MS. Selective fractionation of estrogens with vicinal cis- 
hydroxyls was carried out in a borate column with new dimen- 
sion (0.5 X 3 cm instead of 0.5 X 2.5 cm). Elution of the di- 
phenols was carried out as described and this fraction contains 
the isoflavan Eq and the two lignans Ent and End. 

The two fractions containing lignans and isoflavonoid phy- 
toestrogens and their deuterated internal standards are converted 
to their trimethylsilyl ether (TMS) derivatives (32) and quantified 
by GC/MS by using the following ion pairs (mass/charge): Eq, 
386/390; Da, 398/402 (and 383/387); End, 410/416; Enl, 442/ 
448; and O-Dma, 459/464 (36). The measurements were carried 
out with a Hewlett-Packard 5995 B GC/MS (Avondale, PA) 
instrument equipped with a Pascal work station and with an 
automatic injector. 

Urinary excretion of < 0.0025 nmo\/d cannot be measured, 
and between 0.0025 and 0.005 jimd/d the method must be 
regarded as semiquantitative. The mean values and interassay 
imprecision for the control pooled-urine sample, measured 59 
times in single assays during I y, were as follows: Enl, 3.65 Mmol/d 
(CV 7.4%); End, 0.364 /imol/d (CV 1 1.6%); and Eq, 0.042 jimol/ 
d (CV 9.4%). For Da at a concentration of 0.028 ^mol/d, the 
interassay imprecision is 1 1.0% (n = 14) and for 0-Dma at the 
high concentrations in this study, the interassay imprecision is 
8-10% (CV). 

The samples were analyzed in two batches and the values for 
the control sample were almost identical both times and the 
same as in analyses before and after these two batches. 

Statistical methods 

The food data are presented as arithmetic means (±SD) and 
the lignan and phytoestrogen results as arithmetic means (±SD) 
and geometric means. Geometric means were used when nec- 
essary because of skewness of the distribution of the results. The 
statistical analyses were carried out by using the Stat View pro- 
gram for Macintosh (Abacus Concepts, Berkeley, CA). The de- 
gree of univariate associations between two variables were es- 
timated as Pearson's correlation coefficients (r). The pairs of 
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TABLE 1 

Intake of various food stuffs by the Japanese women and men 
consuming a traditional Japanese diet* 





Women 


Men 


Nutrient 


(n » 10) 


(n «9) 






g/d 


Rice 


578.5 ± 222.5 


7*4.7 ± 240.3 


Wheat 


59.5 ± 46.0 


139.0 ± 113.6 


Potato 


62.6 ± 30,2 


55.2 ± 34.6 


Sugar 


8.1 ±7.0 


8.1 ±7.4 


Fats 


13.1 ± 7.6 


12.7 ±6.9 


Pulses and beans 


56.5 ± 36.0 


40.9 ± 32.0 


Fruit 


228.2 ± 111.9 


146.9 ± 114.0 


Green and yellow vegetables 


60.6 ± 33.3 


55.7 ± 35.2 


Other vegetables 


139.3 ±69.3 


130.9 + 77.2 


Pickles 


32.9 ± 24.9 


23.2 ±21.2 


Algae 


1.8 ±2.0 


0.7 ± 0.7 


Fish 


98.7 ± 46.6 


113.6 ±56.5 


Meat 


37.0 ±30.1 


73.6 ± 58.4 


Eggs 


38.4 ± 16.6 


57.4 ± 30.6 


Milk 


1 12.7 ± 131.0 


90.9 ± 90.2 


Beer 


5.1 ± 16.1 


454.6 ± 647.1 


*i±SD. 






adjusted group means for the two groups studied (women and 


men) were compared by nonpaired / test. 




Results 






The intake of various types of food are shown in Table 1, and 


Table 2 shows the results of the calculations with regard to energy, 


TABLE 2 






Energy intake, intake of various nutrients, and some ratios in the two 


study groups* 








Women 


Men 


Nutrient 


(n = 10) 


(« = 9) 


Energy 






(MJ/d) 


8.29 ± 1.64 


10.79 ± 3.48 


(kcal/d) 


1973 ± 391 


2569 ± 829 


Animal protein (g/d) 


35.3 ± 13.9 


47.8 ± 18.9 


Vegetable protein (g/d) 


38.2 ± 10.1 


45.1 ± 10.6 


Total protein (g/d) 


73.6 ± 12.2 


93.0 ± 28.4 


Carbohydrates (g/d) 


31 1.4 ±77.0 


383.3 ± 100.6 


Total fat (g/d) 


44.4 ± 14.4 


51.0 ±25.9 


Total fiber (g/d) 


16.9 ±4.9 


15.3 ±6.0 


Animal protein (%)f 


47.2 ± 15.9 


49.8 ± 7.9 


Proteins (%)$ 


15.2 ±2.1 


14.6 ± 1.5 


Carbohydrates (%)t 


64.6 ± 6.8 


68.2 ±5.1 


Fats(%)t 


20.3 ± 5.5 


17.2 ±4.9. 


Fat (g/kg body wt) 


. 0.86 ±0.31 


0.85 ± 0.37 


Fiber 






(mg/J) 


2.1 ±0.7 


1.5 ±0.7 


(g/1000 kcal) 


8.8 ± 3.0 


6.4 ± 3.0 


Fiber (g/kg body wt) 


0.33 ±0.10 


0.26 ±0.09 


Fat-fiber ratio 


2.5 ± 0.9 


2,4 ±0.9 



*jc±SD. 

f Percent of total protein. 
$ Percent of energy. 



TABLE 3 

Dietary intake of soy products by the two groups studied* 

Women 



Men 



Soy product 




10) 


(/i -9) 








g/d 


Tofu (soybean curd) 


25.0 ± 


22.9 


18.7 ± 28.8 


Miso (bean paste) 


12.5 ± 


6.2 


8.5 ± 6.4 


Aburaage (fried thin tofu) 


2.6 ± 


3.6 


3.7 ±4.2 


Atuage (fried thick tofu) 


4.0 ± 


12.7 


0.8 ± 2.3 


Koridofu (dried soybean curd) 


0.37 ± 


0.78 


0.07 ± 0.2 


Fermented soybeans 


2.4 ± 


4.5 


0.9 ±2.8 


Boiled beans 


7.7 ± 


17.8 


6.5 ± 7.8 


Soy sauce 


22.9 ± 


6.1 


19.2 ±4.7 


Soy products (sauce excluded) 


54.4 ± 


34.3 


39.2 ± 36.4 



*jc±SD. 



animal and vegetable protein; total proteins, carbohydrates, fats, 
and fiber, percentage animal protein and percentage protein; 
and carbohydrate and fat as percent of total calories. Further- 
more, we calculated the fat intake per kilogram body weight, 
fiber intake per J (per 1000 kcal), and the fat-fiber ratio (Table 
2). The diet was a low-fat (fat 1 7.2% and 20.3% of total calories 
for men and women, respectively), low-animal-protein diet with 
moderate amounts of fiber and a low fat-fiber ratio, which is 
typical for the traditional Japanese diet Q7) 

Table 3 shows the dietary intake of sn y pr oducts , which were 
expected to be the most important source of precursors for the 
urinary isoflavonoids (3). 

Table 4 shows the mean excretion valuer, for the two lignans 
and three isoflavonoid phytoestrogens. The results show a rel- 
atively low excretion of enterolactone, a normal excretion for 
enterodiol, and a very high excretion of isoflavonoid phytoes- 
trogens. The individual results showed large variation, particu- 
larly for equol (from 0 to 10.95 /imol/d). For comparison note 
that the geometric mean values in young omnivorous women 
living in Helsinki and in Boston for enterolactone, enterodiol, 
daidzein, equol, and 0-desmethyl-angolensin were 2.46, 0.20, 
0.22, 0.10, 0.03, and 2.05, 0.28, 0.32, 0.07, and 0.03 /xmol/d, 
respectively (2). 



TABLE 4 

Urinary excretion of lignans and isoflavonoid phytoestrogens in 
Japanese women and men consuming traditional Japanese diet* 



Compound 



Women 
(n= 10) 



Men 
(n«9) 



timol/d 



Enterolactone 
Enterodiol 
Total lignans 
Daidzein 
Equol 

0-desmeihylangolensin 
Total isoflavonoids 
Total diphenols 



1.4 ± 1.4(0.89) 
0.7 ± 1.3(0.41) 
2.1 ±2.6(1.38) 
2.6 ±4.0 (2.55) 
2.6 ±4.0 (0.56) 
0.7 ±0.6 (0.51) 
6.9 ± 6.8 (4.73) 
9.1 ±9.3(6.7) 



1. 1 ±0.7(0.89) 
0.4 ±0.3 (0.22) 
1.5 ±0,9 (1.13) 

2.2 ±2.0 (1.45) 
3.0 ± 4.6 (0.54) 
0.2 ±0.3 (0.11) 
3.9 ± 3.3 (2.57) 
5.4 ±4.0 (4.1) 



3) 



' Jc ± SD (geometric *). 
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Table 5 presents a correlation matrix of various food com- 
ponents and urinary excretion of lignans and isoflavonoids in 
the totaJ material of 19 subjects for whom both food and phy- 
toestrogen data were available. 

Discussion 

In a previous study of oriental immigrant women from south- 
east Asia residing in Hawaii (38), the diet was similar to that 
consumed by the men and women in the rural village in Japan. 
In the present study the women had a greater energy intake (an 
additional ~2.1 MJ/d, or 500 kcal/d), which may be due to a 
physically more active life. However, the percentage intake of 
calories as fat and the dietary fiber and fat-fiber ratio were very 
similar to the corresponding values in the previous study. Except 
for the energy intake the values are very different from those 
seen in Western societies where the fiber intake is similar but 
the fat-fiber ratio is much higher. Women living in the Boston 
area had a fat-fiber ratio of 7.7 for the premenopausal women 
and 4.6 for the postmenopausal women compared with 2.5 for 
the women in the present study (39). 

With regard to' protein intake, expressed as g/d and as per- 
centage of calories, the mean values in the present study were 
similar and slightly lower, respectively, than those of the im- 
migrants from southwest Asia (38). 

Our results are in good agreement with those from an earlier 
study of 300 female agricultural workers from 18 regions in 
Japan (37) except for dietary fiber intake, which was much lower 
(between 5 and 6 g/d) in the women in the earlier study (which 
may represent crude fiber intake). However, according to the 
national nutrition survey in Japan, the dietary fiber intake was 
22.8 g/d in 1951 and decreased year by year to 17.4 g/d in 1985. 
These figures are in better agreement with our results obtained 
in 1985, which show a mean dietary fiber intake in the whole 
group of ~ 1 6 g/d. This tatter value is also in good agreement 
with the value of 1 3 g/d for nonstarch polysaccharides found by 
analyses of the Japanese diet in another study (40). On the basis 



of these investigations and the present investigation, it may be 
concluded that the amount of dietary fiber in a traditional ori- 
ental diet is comparable with that in many Western societies 
(38-40). We may also conclude that the diet of our subjects was 
typical for a rural area, where the people to a large extent con- 
sume their own products and have a traditional Japanese diet. 

The urinary excretion of Enl was, with few exceptions, low 
in both men and women (Tables 4 and 1A) and was the same 
as found for the postmenopausal breast-cancer patients in Boston 
(20). We found a weak correlation between intake of green and 
yellow vegetables and excretion of Enl and total lignans (Table 
5) but no correlation with rice intake. Because these subjects 
consumed targe amounts of rice, it seems justified to conclude 
that refined rice contains very low amounts, if any, of lignan 
precursors. There was a better correlation with the intake of 
soybeans, which thus also may be a source of Enl precursors 
(Table 5). It is known that soy sauce contains coniferyl alcohol 
the building block for lignans and lignin (41). The excretion of 
the lignan End was also found to be associated with the intake 
of beans and pulses and soy products in general (Table 5). 

The excretion of the isoflavonoid phytoestrogens is very high 
in these Japanese men and women compared with values ob- 
tained in women living in Boston (2, 20) and in the Helsinki 
area (2, 18). The Japanese women in the present study excrete 
10 times more Da and 20-30 times more Eq and 0-Dma than 
did omnivorous and lactovegetarian women living in the above- 
mentioned two cities. Of the 19 subjects, 47% and 89% excrete 
micromole amounts of Eq and Da per day, respectively, a phe- 
nomenon very rarely seen in subjects consuming a Western diet 
but seen in subjects consuming a macrobiotic diet (2). The values 
in an additional study group of nine subjects, including three 
children (see Appendix A), were not significantly different from 
those iri the two main groups (Tables 4 and 1A); they were in 
fact surprisingly identical. The excretion of matairesinol, the 
precursor lignan for enterodiol, was very low, but genistein ex- 
cretion was very high. Genistein is the center of interest in many 
laboratories because of its very interesting antiproliferative and 



TABLE 5 

Correlation matrix of various food components and urinary excretion ofligans and isoflavonoids in the whole material (n - 19) 



Total Total Total 

Nutrient Enterolactone Enterodiol lignans Daidzein Equol O-Desmethylangolensin isoflavonoids diphcnols 



Green and yellow 

vegetables 
Pulses and beans 
Algae 
Total fat 
Percent fat 

calories 
Fat-fiber ratio 
Meat 

Soy products 
(not sauce) 
Boiled soybeans 



0.525' 



0.541- 



0.460* 

0.492* 0.679f 
0.561* 



0.758§ 



0.481* 
0.892§ 



0.849 § 



0.583 1 
0.632 f 



0.737 f 

0.584t 

0.469* 
0.507* 
0.507* 

0.746§ 
0.693§ 



0.6l7f 



0.668 f 
0.450* 



0.601 1 



. 0.585 1 
0.757 § 



0.693 f 
0.430 * 



0.588 f 
0.801 § 



*/><0.05. 
t/ , <0.01. 
t0.05</><0.t0. 
§P< 0.001. 
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antimitogenic effects {see below); genistein showed the highest 
concentration of all phytoestrogens in urine in these nine sub- 
jects. The mean value was almost 6 jimol/d and a value as high 
as 15.5 /xmol/d was observed. Also in this smaller group most 
variation in the excretion values was found for Eq (from 0.01 
to 9.16 jimol/d). In 21.4% of all subjects, equol excretion did 
not significantly differ from zero: this group included two of the 
three children; the mother of these two children did not excrete 
equol in significant amounts. 

The low excretion of Enl in the Japanese subjects compared, 
eg, with Finnish women (2), is most likely due to low intake of 
grain (whole-grain) products such as bread (2, 17, 18, 42, 43). 
The precursors of the mammalian lignans seem to be located 
in the aleuronic layer of the grain close to the fiber (15) but 
definite evidence for this location has not yet been obtained. 
The mean End values are similar to those observed in lactovege- 
tarian American and Finnish women and higher than in the 
omnivorous women from the same countries (2, 20). It is likely 
that the majority of the lignans in these Japanese subjects is 
derived from nongrain plant products (pulses and beans), as 
suggested by the correlations found in Table 5. 

Eq excretion correlated positively with the intake of total fat 
{P < 0.01), fat-fiber ratio (P < 0.05), and meat (P < 0.05) and 
deviated in this aspect from all the other isoflavonoids. Some 
subjects are not able to produce Eq at all, as also shown previously 
for nonJapanese subjects (44). It is possible that those consuming 
more fat and meat have an intestinal flora more capable of pro- 
ducing Eq from Da, known to occur in large amounts in soybeans 
(45). Algae may also be a source of isoflavonoids because a pos- 
itive correlation was found with Da (r = 0.56; P < 0.05) and 
total isoflavonoids (r = 0.45; 0.05 < P < 0.10, NS). Algae were 
suggested to contain factors protective against breast cancer (46). 

Lignans and bioflavonoids are candidates for a role as cancer- 
protective agents (2, 1 4- 1 6) and as steroid competitors for various 
enzymes (47). Enl inhibits the aromatase enzyme and competes 
with the natural substrate androstenedione for the binding site 
on the cytochrome P450 enzyme (H Adlercreutz, C Bannwart, 
LE Vickery, et al, unpublished observations, 1985). Phytoestro- 
gens and lignans (48; H Adlercreutz, Y Mousavi, J Clark, et al, 
unpublished observation, 1987) show interaction with estrogen 
receptors and flavonoids have antiproliferative effects on the 
human-breast-carcinoma cell line ZR-75-1 (49). Genistein is a 
very specific inhibitor of the tyrosine-specific protein kinases 
(50-55) and platelet-activating-factor-stimulated platelet aggre- 
gation, phospholipase C, and tyrosine kinase activity (56). Ty- 
rosine kinase is an important mediator of the effects of some 
biologically important growth factors such as epidermal growth 
factor, insulin, platelet-derived growth factor, and insulin-like 
growth factor on cells. The flavonoids and lignans bind to the 
type II estrogen-binding sites ( 1 5, 57), now also called the biofla- 
vonoid receptor (47, 58), and may in this way regulate by in- 
hibition cell growth and proliferation of hormone-dependent 
cancers (58). Enzymes metabolizing bioflavonoids and steroids 
show structurally close similarity (47), indicating that they have 
the same origin. Furthermore, the isoflavonoid coumestrol 
complements, as does estradiol, the topography of spaces between 
base pairs in unwound DNA and simultaneously hydrogen-bond 
phosphate moieties on opposite strands (59). 

One of the most important biological effects of the lignans 
and isoflavonoids seems to be their stimulation of SHBG syn- 



thesis in the liver (2, 14, 16-18). A high SHBG concentration 
leads to decreased metabolic clearance rate for the sex hormones 
and lower biological activity. However, Japanese and British 
women were found to have the same SHBG total-binding ca- 
pacity, even though Japanese women bound relatively more es- 
tradiol to SHBG. This was suggested to be a result of lower 
affinity of albumin for estradiol in these women (60). It is possible 
that the phytoestrogens in the high amounts occurring in Jap- 
anese women could compete with estradiol for the albumin- 
binding sites and in this way lead to relatively more binding to 
SHBG. 

SHBG concentrations tend to be lower in breast-cancer pa- 
tients, particularly in postmenopausal women, and this seems 
at least partly to be due to diet (15). SHBG-binding capacity 
was significantly smaller in postmenopausal but not in pre- 
menopausal Japanese subjects with breast cancer compared with 
Japanese control subjects (61), agreeing with our own more re- 
cent results in American postmenopausal (43) women. Finnish 
premenopausal women with breast cancer did not differ in this 
respect from omnivorous control subjects but they had lower 
SHBG than did lactovegetarian women (18). Diet seems to be 
a much more important risk factor for postmenopausal than for 
premenopausal breast cancer ( 1 5). Miso (Japanese soybean paste) 
(62) or powdered soybean chips (63) (both before and after de- 
naturation of the protease inhibitors) showed a tendency to de- 
crease mammary-tumor formation and growth rate in rat breast- 
cancer models and soybean diet also reduced breast-tumor in- 
cidence in irradiated rats (64). This agrees with the slower average 
growth rate of postmenopausal breast cancers in Japanese com- 
pared with Caucasian women in Hawaii (65). 

The high concentration of phytoestrogens in the urine of Jap- 
anese men could be protective with regard to prostate cancer. 
Both lignans and isoflavonoids have estrogenic effects in nu- 
merous biological systems and may, because of this property, 
inhibit development of prostatic cancer. It is well known that 
in Japan and some other Asian countries, despite the same in- 
cidence of latent small or noninfiltrative prostatic carcinomas 
as in Western societies, the mortality is low (25-27). The high 
exogenous phytoestrogen concentrations could inhibit the growth 
of the latent carcinomas, postponing their development and 
making it more likely that the subjects die from some other 
disease (theory proposed in 1985) (66). Furthermore, the inhib- 
itory effect of genistein on tyrosine-specific protein kinases of 
certain growth-factor receptors could play an important role. 
Decreased risk of prostate cancer is seen in Seventh-day Adventist 
men (67) consuming much beans, lentils, and peas and some 
dried fruits (rich sources of bioflavonoids) and in men of Japanese 
ancestry in Hawaii consuming much rice (mainly starch, which 
has some fiber-like effects in the gut) and tofu (68), supporting 
the view that these compounds are protective. Recently, Santti's 
group in Turku, Finland, in a collaborative study with us, ob- 
served that dietary soy prevented the development of precan- 
cerous changes in a neonatally estrogenized mouse used as a 
model for prostatic cancer (69), showing that dietary factors may 
already be important in the fetal and neonatal periods. This 
study and our observation of high phytoestrogen excretion in 
urine of children is important because they suggest that these 
compounds may change the endocrine milieu at the cellular 
level both in the neonatal period and in prepubertal and ado- 
lescent children. Thus, the results cited above and discussed more 



^004 IN 1ST CNRS Tous tlroiis do proprictc inicllcciucllc reserves. Reproduction, representation el diffusion interdites. Loi du 01/07/92. Articles 5 ,6 el 7 des CGV 




ADLERCREUTZ ET AL 



1098 

extensively elsewhere (14, 15) speak for a role of the diphenols 
as cancer-protective substances. 

It is concluded that Japanese subjects excrete very large 
amounts of isoflavonoids in urine, mainly genistein, daidzein, 
and equol, and that the lignan excretion is low. The high excre- 
tion of isoflavonoids in urine is related to the intake of soy prod- 
ucts in the traditional Japanese diet Q 

We thank Anja Koskela (analytical work) and Sirkka Adlercreutz (mass 
spectrometry) for skillful technical assistance. 
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APPENDIX A 

Additional experiments with a modification of the 
method 

The method used in this study was modified further by in- 
cluding the determination of the plant lignan matairesinol [(3R- 
/ran^)-dihydro-3,4-Wj[(4-hydroxy-3-methoxy-phenyl)methyl]- 
2(3H)-furanone)] (intraassay CV = 1 5.2% and interassay CV 
= 13.9%) and the isoflavonoid genistein (4',5,7-trihydroxyisofla- 
vane) (intraassay CV = 4.5% and interassay CV - 1 1.6%) in the 
assay (1). Because further samples from the present study were 
not available and because of the recent great interest in genistein 
we used this new assay in nine other Japanese subjects (three 
men, three women, and three children) living in Kyoto and con- 
suming a traditional Japanese diet before and during the 24-h 
urine collection. 
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TABLE 1A 

Urinary excretion oflignans and isoOavonoid phytoestrogens (*imol/d) in nine Japanese subjects (six adults, three children) living in Kyoto and 
consuming traditional Japanese diet during the urine collection period 



Subject, 


Maiairesinol 






Total 










Total 


Total 


sex, age 


Enterolactone 


Enterodiol 


lignans 


Daidzein 


Equol O-Desmethylangolensin Genistein 


isoflavonoids diphenols 


1.M.4I y 


0.010 


0.05 


0.09 


0.15 


5.25 


6.15 


0.12 


15.52 


27.04 


27.20 


2, F, 33 y 


0.003 


2.44 


0.15 


2.59 


3.11 


0.01 


0.98 


4.48 


8.58 


11.17 


3, M, 7 y 


0.003 


0.07 


0.09 


0.16 


3.23 


0.01 


0.06 


5.66 


8.97 


9.13 


4, M, 6 y 


0.006 


2.24 


0.68 


193 


2.15 


0.85 


0.51 


3.41 


6.93 


9.85 


5, M, 8 y 


0.007 


0.04 


3.39 


3.43 


3.02 


0.02 


0.81 


4.80 


8.64 


12.07 


6, F, 42 y 


0.006 


3.25 


0.25 


3.50 


2.20 


0.16 


1.17 


3.55 


7.07 


10.58 


7, M, 38 y 


0.012 


0.70 


0.25 


0.96 


1.60 


0.07 


0.40 


4.93 


6.99 


7.95 


8.M, 26 y 


0.019 


1.94 


0.18 


2.13 


3.38 


9.16 


0.23 


7.99 


20.76 


22.89 


9,F,30y 


0.005 


0.62 


0.25 


0.88 


1.25 


3.28 


0.21 


1.85 


6.60 


7.47 


X 


0.010 


1.26 


0.59 


1.86 


2.8 


2.19 


0.50 


5.80 


11.29 


13.15 


Geometric Jc 


0.010 


0.50 


0.27 


1.17 


2.58 


0.25 


0.35 


4.91 


9.81 


11.89 



Table 1 A shows the individual urinary lignan and isoOavonoid Reference 
excretion in the additional three men, three women, and three 
children studied- by the new modified procedure, including the 
results of assays for matairesinol and genistein. 
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ROLE OF PLANT ESTROGENS IN NORMAL AND ESTROGEN-RELA TED ALTERED 
GROWTH OF THE MOUSE PROSTATE 

By S. MfikeiS 1 . L Pylkkanen 1 , R. Santti 1 and H. Atftercreuu* 

1. Department of Anatomy, University of Turku, Turku, Finland 

2. Department of Clinical Chemistry, University of Helsinki, Helsinki. Finland 

SUMMARY 

The effects of dietary soy on the normal and estrogen-induced neoolaatic growth of 
mouse prostate were studied. Dietary soy was found to have both estrogenic and 
antiestrogenic properties. In neonatally ostrogenized mouse, used as a model for 
prostatic cancer, dietary soy prevented the development of precancerous changes. 
These effects may be due to weak estrogens (phytoestrogens) present in soy. The 
developing prostate is sensitive to estrogen exposure, and it is possible that dietary 
factors may be important already in the fetal and neonatal period. 

INTRODUCTION 

There are marked geographic differences in the age-adjusted incidence rates of clinically 
manifested PC and large latent PC. The incidence rates are high in North American and 
North European countries and low in Asian countries (1). Diet is the most important and 
at the same time the most complex and least known factor differentiating the ethnic 
groups (2). 

There are obviously numerous mechanisms when may mediate the effects of diet. It is 
presumed that the risk of PC Is at least partially modified by changes in hormone, 
particularly estrogen concentrations. The three potential risk factors of prostatic cancer 
(increasing age. overweight, and diet rich in fat) are all associated with increased 
estrogen concentration or estrogen/androgen ratio in serum (3,4,5), supporting the 
hypothesis of androgervestrogen synergism in the development of PC. 

Epidemiologic studies suggest that high vegetable diet could account for the lower risk 
of PC in Japanese men (6). Both human and animal diet are known to contain various 
nonsteroidal weakly estrogenic compounds (7). Their importance may lie as much in 
their ability to antagonize the natural steroid hormones as in their own intrinsic 
estrogenic activity. In addition to interfering with the prostatic development, these 
compounds may also affect normal and neoplastic prostatic growth later in life (3). 

Dietary estrogens are mainly derived from different edible plants; they may be natural 
constituents of plants or produced by certain infecting fungus. They are divided in four 
classes: isoflavonoids, coumestans, mammalian lignans and resorcyclic acid lactones. 
Isoflavonoids and coumestans (phytoestrogens) are formed in many edible plants, 
especially soy and other leguminous plants present in substantial amounts for instance 
in Japanese diet- Mammalian lignans are derived from unrefined grain products as 
precursors which are activated by intestinal bacteria (9). Resorcyclic acid lactones are 
produced by fungus, Fusarium, commonly infecting grain and feeds. The relatively good 
binding affinities of these compounds to estrogen receptor suggest that they may affect 
estrogen-mediated events. 

This study was undertaken to test the possible role of dietary estrogens present in soy 
in normal and estrogen-related altered growth of the mouse prostate. Soy was chosen 
because it is rich in plant estrogens and it is the main protein source in standard 
laboratory animal chow. 
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MATERIALS AND METHODS 
Diets 

Standard laboratory chow for mice (R3) and equivalent soyfree chow (R403, soy 
substituted with casein) were purchased from Ewos, SOdertSlje, Sweden. Test diets 
with 6 ppb of diethytstitbestrol (DES) were prepared es described by Thigpen (10). 

Cotfactipn of wf'n? gflmpjga and analysis p* ph^wstfpggna an^J "qnan3 

Mice were housed in metabolic cages, 3 mice per cage. 24-hour urine samples were 
collected in plastic jar containing ascorbic acid (1g/l), and after measuring the volumes 
samples were stored at -70°C. Phytoestrogens and tignans were determined with a 
capillary gas chromatographic -mass spectrometry procedure as described earlier (9). 

Uifltus.biOBSsaY 

Female mice were weaned at the age of 1 6 days and kept on test diets for 7 days. The 
animals were sacrificed and weighed, and the uteri were dissected under a microscope 
and weighed (10). 

Dissection of mala tissues 

Mala mice were sacrificed and weighed, and the whole urethroprostatic complexes were 
removed. For weighing, the tissues were transferred on petri dish containing PBS, and 
seminal vesicles and prostatic lobes were dissected apart under a microscope as 
described earlier (11). For histologic preparations the blocks were fixed in Bouin's 
fixative, dehydrated and embedded in paraffin, and serial GjAn-sacttona with 400 im\ 
distance were cut through the whole tissue block. 

Neonatal 83trop.flpfrati9n pf tnn.mww 

Neonatal astrogenization was used as a modal for prostatic neoplasia. The outbred 
NMRI male mica are injected with 2 vg of diethylstilbestro! (DE5)/pup/day for the first 3 
days after birth. This treatment was previously reported to inhibit prostatic growth and 
function and induce hyperplastic and dysplastic changes at distinct prostatic sites (12). 
Epithelial cells showed nuclear enlargement and anisokaryosis as well as nuclear 
hyperchromasia and prominent nucieolei. the changes being typical for dysplasia. These 
changes are considered to be premalignant. 

RESULTS 

1. Effect of dietary sov on the excretion of soma dtftt-dsrivad estrogens in mouse urine 
When adult male mice were kept on soy-free diet (period 1), they excreted very small 
amounts of phytoestrogens (desmethylengolensin [O-OMA], daidzein, genistein, equol; 
nmol/l) (Table 1). When they were transferred on standard laboratory chow containing 
soy for 14 days (period 2), the excretion was 20 - 1000 times higher. The excretion 
levels returned to previous low levels within 7 days, when the animals were transferred 
again to soy- free diet (period 3). The excretion of mammalian lignans (emerodiol, 
enterotactone, matairesinol; nmol/I) present in unrefined grain remained quite unchanged 
during this experiment. 

Table 1. 





O-OMA 


DA10ZBN 


GENISTEIN 


EOUOl 


ENTERO* 


ENTERO- 


MATAI- 












•0(01 


IACTONE 


RESINOl 


SOY- 
period 1 


3 


75 


39 


s 


SCO 


227 


2 


SOY* 


133 


1917 


1845 


5S47 


1089 


455 


2 


period 2 
SOY- 


2 


4* 


22 


8 


397 


31 B 


1 



pariod 3 
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1. cffget Q f fjiBTarv gov in mouse uterus bioassav - estrogenic and antiestrogenic qffftrtB 



Dietary soy increased 
significantly the relative 
uterine weight IUW/BW a . 
uterine weight/ body 
weight) in immature 
female mice whose mothers 
were either on standard 
(SOY+) or soy-free . 
(SQY-) diet (Teble 2). 



The possible anti- 
est/ogenicity of dietary 
soy was determined by 
measuring the ability of to 
antagonize the effect of 
dietary DES. The test diets 
contained 6 ppb of OES, 
which significantly 
stimulates the uterine growth. 
This effect was partially 
reversed by dietary soy 
(Table 3). 



Table 2. 
oirr 

Pwtifaatkin • wafitna: SOY + 
tQ d- 23 d: SOY + 

16 d- 23 d; SOY- 
Fartifeation « wearing: SOY- 
16d -23 d: SOY + 

16d -23 d: SOY- 

Table 3. 

DIET 

faftilfoation • wianfna: SOY-f 
16 d- 23 d: 
SOY*- +0£3 

1 B d - 23 d: 
SOY- + 
Fertilization - wtanma: SOY- 
1 0 d • 23 d: 
SOY+- +OES 



UW/8W {mq/g} 
(ma an ± SEMJ 



0.87 ± 0.04 
0.76 x 0.03 
0.96 * 0.07 
0.79 ± 0.04 



p < 0.05 



p < 0.0S 



UW/BW tmo/Q) 
trnaan x SEM) 



1.01 ± 0.12 



p < 0.01 



1.49 x 0.11 



p < 0.01 



1 6 d - 23 d; 

SOY- + 0ES 1.26 x 0.12 

a. EtfRCt of dietary sov on the normal growth of mouse mala accessory sax glands - 
parlv and long-term effects 

Pregnant and nursing animals were kept on standard (soy +] or soy-free (soy-) diet and 
after weaning half of the male pups of e litter continued on the seme diet and the other 
half was transferred on different diet- At the age of 2 months the prostatic lobes 
(ventral prostates VP, coagulating gland =CG, dorsolateral prostate » OLP), seminal 
vesicles ( « S V) and testes 

( »T1 were weighed (fig. 1 ). nior*/«r* Ui | toy/toy- 

Sef ore weaning standard diet Z, _ 

had inhibitory effect on © • 3 ioy+/«oy- (b) H«r-/*oy* 

prostatic growth, compared ■£? (ftrtilixitlon * waantng / warning - 2 month*) 
with soy-free diet After 
weaning standard diet 
stimulated slightly the growth 
of prostate. The most 
sensitive parts were 
coagulating gland and 
dorsolateral lobe. There were 
no differences in the testicular 
weights. No changes were 
found In the light microscopic 
structure of prostatic lobes. 




1 
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The weights of prostatic lobes 
(ventral prostate* VP, 
coagulating gland »CG, lateral 
prostates LP. dorsal 
prostate = DPT and seminal . 
vesicle <»SV) ware 
significantly higher in animals 
kept on standard diet from 
fertilization till the age of 1 2 
months (Fig. 21. There wa9 
also significant difference in 
the testicular weight (*>T), 
suggesting that this long-term 
stimulatory effect may be 
indirect. Soy had no effects 
on the light microscopic 
structure of prostatic lobes. 

4, Effro of difl^rv spy on fra 

growth inhibition in different 
prostatic lobes induced bv 
Pflpnata' esirgge^fatign, 
Male mice treated neonatalry 
with DES were kept on 
standard (soy+) or soy-free 
(soy-) diet from fertilization till 
the age of 2 months, when 
the different prostatic lobes 
{ventral prostata » VP, 
coagulating gland =CG. 
dorsolateral prostate = DLP1, 
seminal vesicles («SV) and 
testes (=T) were weighed 
<Rg. 3). In animals kept on 
soy-free diet the inhibitory 
effect of OES on prostatic 
growth was more severe. 



□«y+ dltt from lanffiMtten onvardt 
flfoy- di«t from 1*rtH3i«tion onward* 



Body wtight tg) 



2 



Ml 



si 



S 
4 

S 
I 

» ! 



VP CG LP DP SV T 

Fig. 2 

Qsoy+ (from firtffiudea o«vtrda) 
•a fl»r~ (fron ftrtOlzttMR onvardi) 
I 



Body ws^rht Igl 



9 « 




VP CO DLP SV T 



Fig. 3 



5. gffect of dietary aov on the development of dvsnlastic chances in the prostata of 
neoOES mice 

Neonatally OE5-treated mice were kept on standard (soy+> or soy-free (soy-) diet from 
fertilization till the age of 9 months, when the animals were sacrificed. Oysplastic 
changes wera found in all animals kept on soy-free diet. In contrast, only less than half 
of the animals kept on standard diet showed dysplasia (Table 4). Also the number of 
dysplastic sites were more numerous in animals on soy-free diet. This suggests that 
dietary soy may protect from the development of dysplastic changes. 

Table 4. 

Number p* animals, wrtft dyspasia f tgtBl number of animala 

SOY+ 3/7 (43%) 

SOY- 7/7 (100%) 
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CONCLUSIONS 

Mice fed standard laboratory chow excreted considerable amounts of weak plant 
estrogens < iaof|avonoi dsl. These compounds were derived from soy. Dietary soy had 
both estrogenic end antiestrogenic activity in mouse uterus bioassay. which may be due 
to these plant estrogens. Soy had only marginal effects on the prostatic growth in 
control animals. In the neonatal period soy slightly inhibited the growth, but in contrast, 
after weaning it was slightly stimulatory. Whether this reflects direct estrogenic activity 
on the prostate, remains unclear. Soy was clearly antiestrogenic in animals which were 
neonatally estrogenized with DES. Moreover, dietary soy prevented the development of 
dysplastic changes in the prostate of neonatally OES-treated mouse. These effects 
could be due to phytoestrogens, although other possible mechanisms exist. 

Our results suggest that certain type of diet may protect against the development of 
PC. The relevance of these findings with humans should be considered. Unfortunately, 
there Is very little information on the possible action of dietary estrogens in the human 
organism. Both men and women are capable of excreting dietary nonsteroidal estrogens 
in amounts hormonally comparable to the endogenous steroidal estrogens. In a recent 
study of postmenopausal woman, plant foods were found to have significant estrogen* 
like effect on vaginal cell maturation, which is a sensitive and specific indicator of 
estrogenicity (13). In women, the urinary excretion of phytoestrogens and lignans, 
which depends on consumption of vegetables and whole-grain products, correlates 
positively with plasma SHBG and negatively with percentage free estradiol and 
testosterone, which could be due to stimulation of SHBG synthesis by weak dietary 
estrogens. Unlike estradiol, the nonsteroidal estrogens have very low affinity for SHBG 
in serum (9). This could further enhance their biological potency by increasing the 
concentration of the free compound available at the target call. 

Phytoestrogens may also interfere with estrogen-mediated processes in the male 
organism. They may have direct estrogenic effects. However, it is more likely that they 
act as antiestrogens and prevent exessive estrogenization. The timing of estrogen 
exposure appears to be critical for the development of prostatic neoplasia, the neonatal 
period being most sensitive, and it is possible that also the dietary factors may be 
important alreedy In the fetal and neonatal period. The role of diet should be carefully 
considered when studies concerning estrogen effects in humans and laboratory animals 
are carried out. 
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PROCEDE D'OBTENTtON D'ISOFLAVONES 



La presents invention concerne un precede* d'obtention de deux isoflavones. le malonate de ge*nistine et 
!e malonate de daidzine ainsJ qu'une utilisation de ces composes. 

On salt par example par l f article de CM. Francis (J.Scl. Fd Agric. (1973) 24 1235) que ies feuliles de 
trefle corrtiennent du malonate de genistine, de formule: ~~ 

6 



10 



15 




On sait egalement, par exemple. par le brevet JP 1146894, que Ton peut Isoler des racines ou des 
tiges de Pueraria lobata, ie maionate de daidzine. de formule: 



25 



30 




35 

. La presente invention a pour but de proposer un precede* permettant Tobtention de ces deux 
isoflavones particulieres a partir d'une source alimentaire, a savoir des feves de soja, d'une maniere simple 
et economique, et avec un bon rendement 

Le procSde\ obiet de la prSsente invention, est caractSrise* par le fait que i'on extrait une mouture de 

40 feves de soja avec un alcool, on tamponne i'extrait brut obtenu avec une solution aqueuse de tampon, de 
maniere a atteindre un pH de 6-9, on extrait la solution tampon contenant I'extrait brut avec un solvant 
organique non miscible a I'eau, on recupere la phase aqueuse que I'on acidifie jusqu'a pH 2,5-4, on extrait 
la phase aqueuse acidified avec un solvant organique non miscible a I'eau, on rScupere la phase organique 
que Ton neutralise a pH 6,8-7,2 et Ton s$pare Ies composes nSsiduels. 

45 Selon le present proc£de\ on peut preparer une mouture de feves de soja, prdsentant de presence un 
diametre moyen de I'ordre de 0,5-0.8 mm, et un diametre maximum de 1 ,0-1 ,1 mm. 

Prgalablement a ('extraction, la mouture de feves de soja peut §tre dSgraisse^, afin d'en 6ter Ies 
matieres grasses contenues dans le soja qui pourraient giner ulMrieurement ia bonne mise en oeuvre du 
proce'dl Le degralssage peut etre effectue\ par exemple, par chauffage sous reflux de la mouture de feves 

so de soja dans un solvant organique tel que I'hexane ou lather de pStrole. 

Dans une forme particuliere d'exdeution, on peut chauffer un melange comprenant une partie en poids.de 
mouture de feves de soja avec 4-6 parties en poids de n-hexane. a une temperature de 60-70* C, sous une 
agitation de 70-90 tours par minute et pendant 50-70 minutes, puis laisser refroldir ie melange jusqu'a 
. temperature ambiante, fittrer puis laver la mouture avec du n-hexane et sScher la mouture ddgraissSe sous 
azote pendant 1 0-1 5 heures. 
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On extrait ensuite la mouture eventuellement degraissee avec un alcool tel que, par example le 
methanol ou rethanol. 

Pour ce falre, on peut, par exemple, chauffer sous reflux un melange comprenant 1 kg de mouture 

degraissee et 6 a 8 litres d'une solution aqueuse de methanol a 70-90%, a une temperature de 70-90* C, 
s sous une agitation de 70-90 tours par minute et pendant 50-100 minutes, puis filtrer le melange a chaud et 

sdcher le filtrat, par exemple dans un §vaporateur rotatif a 25-50* C et sous pression reduite. 

On peut ainsi obtenir un extrait brut se presentant sous forme d'un sotide de couleur brune. . 
On tamponne ensuite I'extrait brut de maniere a amener son pH a une valeur de 6-9. 

Pour ce fairs, on peut mettre ('extrait brut en suspension ou en solution dans une solution de base faible 
10 telle qu'une solution aqueuse de NaCOa. . 

Ceci permet d'ameiiorer Pextraction venant ensuite, la genlstlne et la daidzine passant dans la phase 

organique, et las malonates recherches restant en phase aqueuse. 

On effectue alors une extraction de la solution tampon contenant I'extrait brut, avec un solvant organique 

non miscibla a I'eau tel que, par exemple, le butanol ou I'acetate d'ethyle. 
i$ Apres extraction, on peut constater que la phase organique contient principalement des isoflavones telles 

que la g£nistine et la daidzine, ainsi que d'autres constituents, et que la phase aqueuse contient les 
. composes recherches ainsi que des impuretes. 

On acidifie la phase aqueuse jusqu'a un pH de I'ordre de 2,5-4, par exemple par ajout decide 

chlorhydrique concentre, notamment 5-10 N. 
20 On extrait la phase aqueuse acidifi§e avec un solvant organique non miscible a I'eau. On peut choisir, de 

preference, un solvant identique a celui utilise pour I'extraction de la suspension ou solution aqueuse 

contenant I'extrait brut, c'est-a-dire du butanol ou de I'acetate d'ethyle. ce qui permet d'eviter I'emploi, 

toujours dangereux, de solvants differents. 

On peut ensuite neutraliser la phase organique obtenue en amenant son pH a une valeur de 6,8-7.2, par 
as exemple par ajout de soude, puis s6cher ladrta phase organique, par exemple en evaporant le solvant dans 
un evaporateur rotatif a 25-50* C et sous pression reduite. 

On obtient ainsi un extrait impur, contenant les composes recherches. se presentant sous forme d'un solide 
de couleur brune. 

On peut ensuite separer les composes residuels de cet extrait, par exemple en effectuant une 
30 chromatographic d'adsorption et de filtration de I'extrait Impur. ce qui permet egalement d'eri separer les 
eventueiles impuretes. telles que la genistine etfou la daidzine encore pnlsentes. 

Cette chromatographie peut Store, effectuee, par exemple, sur une colonne" contenant un gel avec comme 
eiuant un alcool tel que 1'ethanol ou un melange methanot-eau. On peut obtenir plusieurs fractions 
contenant des impuretes et plusieurs fractions contenant un melange des composes recherches. 
as On peut alors effectuer une seconde chromatographie des fractions interessantes, afin de separer les deux 
composes recherches. 

Pour ce faire, on peut effectuer une chromatographie en phase inversee en utilisant, par exemple, une 
colonne polaire contenant notamment des groupes octadecylsilane fixes sur de la silice et un eiuant. ou un 
gradient d'eiuants de polarite decroissante, tel que, par exemple, une solution & 10-25% de methanol, 
40 d'ethanol ou d'acetonitrile. 

On obtient alors deux fractions, contenant chacune un compose distinct 

Ces fractions peuvent Stre sechees. par exemple dans un evaporateur-i sec, sous pression reduite et & une 
temperature de 25-50 " C. 

On obtient alors deux composes se presentant sous forme de solides amorphes, Tun de couleur jaune 
45 pile, I'autre de couleur blanche, solubles dans des solvants polaires tels que I'eau. le methanol ou rethanol. 

On a constate que ces deux composes pnlsentaient des proprietes antioxydantes remarquables, et 
qu'ils pouvaient proteger de Toxydation par exemple les matiferes grasses, les vitamlnes et/ou les 
oligoeiements contenus dans les produrts allmentaires ou cosmetiques. 

La presente invention est illustree plus en details par fexemple d'obtention qui suit, ainsi que par les tests 
so d'identification des composes et les tests d'activite qui suivent 



Exemple cf obtention des composes 

55 

i) Degraissage 

On ajoute 5 kg de n-hexane a 1 kg d'une mouture de feves de soja, presentant un diametre moyen de 



3 



BP 0 426 998 A2 



0.8 mm. 

On chauffe le melange sous reflux a une temperature de 65 *C et sous agitation constante a 80 tours par 
minute, pendant 1 heure. 

On laisse ensulte refroidir le melange Jusqu'a temperature ambiante puis on filtre et Ton recupere la 
s mouture qui est mise a secher sous azote pendant 1 2 heures. 

On melange a nouveau la mouture seche a 5 kg de n-hexane et Ton chauffe a 65 *C, sous reflux et en 
malntenant une agitation constante, pendant 1 heure. 

On laisse refroidir puis on filtre et on lave la mouture resultante avec 1 litre de n-hexane. 
On seche la mouture sous azote pendant 10 heures. On obtient 0 t 7 kg de mouture ddgraiss^e de feves de 
w soja. 



ii) Preparation de I'extrait brut 

is On prepare un melange comprenant 150 g de mouture d§graissee de feves de soja telle que prepare 
seion retape i), et 1 litre d'une solution aqueuse de methanol a 80%. 

On chauffe le melange sous reflux a une temperature de 80 *C pendant 1 heure, en maintenant une 
agitation constante de 80 tours par minute. 
On filtre ensuite a chaud le melange et Ton reserve le filtrat 
20 On chauffe a nouveau la mouture avec 1 litre de methanol a 80%, a 80* C, sous agitation et pendant une 
heure. On filtre a chaud le melange et Ton ajoute le filtrat obtenu au filtrat precedent 
On evapore a sec le filtrat total dans un evaporateur rotatif sous pression reduite, a une temperature de 
40 C. 

On obtient 32,6 g d'extrait brut se presentant sous forme d'un solide de couleur brune. 



fii) Preparation de i'extrait impur 

On melange 32,6 g d'extrait brut tel qu'obtenu selon retape ii) a 150 ml d'une solution aqueuse de 
30 NaHC0 3 1M. 

On ajoute 150 ml de n-butanol, on melange ies deux phases et Ton recupere, par extraction, !a phase 
aqueuse, Ea phase butanolique contenant principalement de la daidzine et de la genistine. 
On acidifie la phase aqueuse jusqu'a pH3 par ajout d'acide chlorhydrique 6,5 N, 
On ajoute 150 ml de n-butanol a la phase aqueuse, on melange et i'on nScupere une premiere phase 
35 organique. 

On ajoute a nouveau 150 ml de n-butanoi a la phase aqueuse, on melange et I'on recupere une seconde 
phase organique. 

On ajuste le pH des deux phases organiques a 7 par ajout de soude 1N t puis on seche Ies deux phases 
dans un evaporateur rotatif sous pression nSdurte a 40* C. 
40 On obtient respectivement 2,4 g pour la premiere phase et 1,2 g pour la seconde phase, d'extrait impur se 
presentant sous forme d'un solide de couleur brune. 



iv) Separation des composes 

45 

On prepare une colonne de chromatographie contenant un gel (Sephadex LH-20), d'un diametre de 3 
cm et d'une hauteur de 50 cm. 

On y introduit 2,4 g d'extrait impur tel qu'obtenu seion retape iii), diluS avec de rethanol. 
On eiue I'extrait impur avec de rethanol, a un debit de 2 ml par minute, 
so On obtient au total 17 fractions, dont 6 contiennent Ies malonates de genistine et de daidzine. 

On effectue une seconde chromatographie, sur une colonne contenant des groupes octadecylsilane fixes 
sur de la silice (Lobar RP-18), des 6 fractions interessantes. 

On utilise comme eiuant une solution aqueuse d'ethanol a 10%, avec un debit de 2 ml par minute. 
On obtient finalement deux fractions contenant chacune un produit different 
55 On seche ces fractions dans un evaporateur sous pression reduite a 40* C. 

On obtient 25 mg de malonate de daidzine et 80 mg de malonate de genistine tres purs (92-98%) se 
presentant sous forme de solides amorphes, le premier de couleur bianche et le second de couleur jaune 
pile. 

4 
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Tests ^identification du malonate de genistine 
i) Position du goupe sucre 

5 

On determine la position du groupe sucre, de formula: 



10 



15 




dans te malonate de genistine, a I'aide d'une "shift-reaction" avec du chlorure dominium. 

Le groupe OH fibre peut se trouver en position 5 ou en position 7, selon la figure ci-apres, I'autre 
position Start occupy par le groupe sucre susmentionne: 



25 




Si le groupe OH se trouve en position 5, il va se produire, en presence de chlorure d'aluminium, ia 
formation d'un complexe selon ia reaction: 



35 



40 




Or le Xmax du complexe ainsi forme* est supe'rieur, de 10 a 14 nm environ, au Xmax du malonate de 
genistine. On mesure le Xmax du malonate de genistine, dans le methanol, en presence ou non de chlorure 
46 d'aluminium. On obtient les re'suftats sulvants: 
. sans AJCI 3 Xmax = 260,1 nm 
. avec AlCb Xmax = 270,7 nm 

II y a done eu formation d'un complexe en presence de chlorure d'aluminium; le groupe OH fibre est 
done en position 5 et le groupe sucre en position 7. 



ii) Decomposition en milieu alcalin 

On mesure, par chromatographic liquide a haute performance (HPLC) a 228 nm, le temps de retention 
55 de I'acide malonique et du malonate de genistine, teis quels ou en presence d'hydroxyde de sodium. 
On observe les nisultats suivants: 
- acide malonique 
on obtient un pic a 2,19 min 

5 
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- acide malonique + NaOH 

on obtient deux pics: un a 2,19 min correspondant a I'aclde malonique et un a 5,08 mln correspondant au 
maJonate de sodium. 

- maJonate de genistine 

s on obtient un pic a 15.17 min 

- maJonate de genistine + NaOH 

on obtient deux pics: un a 12,80 min correspondant a la genistine et un a 5,07 min correspondant au 
malonate de sodium. 

Le malonate de gSnistine s'est done decompose, en presence de soude. en malonate de sodium et en 
io genistine. 



iii) Spectre infrarouge 

On observe sur le spectre IR du malonate de genistine effectue* a I'etat soiide a la concentration de 1% 
dans KBr, une bande caractSristique a 1729,2 enrr 1 , correspondant au groupement carbonyle de I'ester 
(valeur theorique 1735 * 10 cm" 1 ). 



20 iv) Spectre de masse 

U spectre de masse a 6i6 effectue* selon deux mSthodes permettaht d'obtenir un nlsultat par defaut 
("negatif FAB") et un nSsuItat par exces ("positif FAB"). 
On obtient les rSsultats suivants: 
25 - A: pic moteculaire du compose\ (malonate de genistine) 
- B: pic correspondant au glucoside d'isoflavone (genistine). 
C: pic correspondant a Pagfycone de base (genistine). 



MaJonate de genistine (poids 


moleculaire, g) 






negatrf 


positif 


valeur 




FAB 


FAB 


theorique 


A 


517 


519 . 


518 


B 


431 


433 


432 


C 


269 


271 


270 



40 

v) Spectre RMN 



Le spectre de resonance magnetique nucleaire du carbone 13 (RMN) du malonate de genistine dans I 
45 dimSthylsulfoxyde (DMSO-d6) a 20* C montre les signaux caractenstiques suivants: 



50 



65 
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Signal 



Multiplicity 



70 



5 



45,4 ppm 
63,1 ppm 
69,7 ppm 
73,0 ppm 
74,0 ppm 
76,0 ppm 

94.3 ppm 

99.4 ppm 
99.7 ppm 

106.3 ppm 
115,0 ppm 

120.8 ppm 

122.6 ppm 
130,0 ppm 
154,0 ppm 
157,2 ppm 

157.7 ppm 
161,7 ppm 
162,5 ppm 

168.4 ppm 
169,2 ppm 

179.9 ppm 



CH 2 

CH 2 

CH 

CH 

CH 

CH 

CH 

CH 

CH 

C 



CH (2 car bones) 



75 



C 
C 



CH (2 carbones) 



20 



CH 

C 

C 

c 
c 
c 
c 
c 



25 



On trouve ainsi 24 atomes de carbons, parmi lesquels 3 carbones carbonyles (aclde carboxylique et 
cetone conjuguee), 14 carbones aromatiques ou ole*finiques (7CH, 7 quaternaires) dont 5 sont Osubstitues, 
un carbone anomSrique CH-OH, 4 CH aliphatiques O-substitues, un CH 2 aliphatique O-substitue* et un CH 2 
aliphatique non O-substitue". 
On trouve egalement 16 protons non interchangeable^ 



Tests ^identification du malonate de daidzine 



i) Decomposition en milieu alcalin 

On mesure, par chromatographie Oquide a haute performance (HPLC) a 228 nm, le temps de retention 
de I'acide malonique et du malonate de daidzine, tels quels ou en presence d'hydroxyde de sodium. 
On observe les resultats sulvants: 
* acide malonique 
on obtient un pic a 2,19 min 

- acide malonique + NaOH 

on obtient deux pics: un a 2,19 min correspondant a Pacide malonique et un a 5,08 min correspondant au 
malonate de sodium. 

- daidzine + NaOH 

on obtient un pic a 8,68 min 

- malonate de daidzine 

on obtient un pic a 13,89 min 

- malonate de daidzine + NaOH 
on obtient 

a) imme'diatement apres le melange, un pic a 11,47 min correspondant a la daidzine et un pic a 8,65 
min correspondant a celul obtenu pour la daidzine en presence de NaOH, 

b) une heure apres le melange, un pic a 8,65 min correspondant a celui obtenu pour la daidzine en 
presence de NaOH. 



35 
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ii) Spectre infrarouge 

On observe sur le spectre IR du malonate de daidzine effectue* a I'dtat solide a la concentration de 1% 
dans KBr, une bande caractdristique a 1734,0 cm' 1 , correspondant au groupement carbonyle de I'ester 
5 (vateur thSorique 1 735 ± 1 0 cm -1 ). 



Hi) Spectre de masse 

Un spectre de masse a 6t6 effectue* selon deux m&hodes permettant d'obtenir un resultat par difaut 
("ne'gatif FAB") et un resultant par exces ("positif FAB"). 
On obtient les rSsuItats survants: 

- A : pic moleculaire du compost (malonate de daidzine). 

- B: pic correspondant au glucoside d'isoflavone (daidzine). 

- C: pic correspondant a I'aglycone de base (daidzeme) 



Malonate de daidzine (poids 


moteculaire, g 








negatif 


positif 


vaieur 




FAB 


FAB 


th£orique 


A 


501 


503 


502 


B 


415 


417 


416 


C 


253 


255 


254 



oo iv) Spectre RMN 



Le spectre de resonance magnetique nuclSaire du carbone 13 (RMN) du malonate de daidzine dans le 
dimethylsulfbxyde (DMSO-d6) a 20* C montre les signaux caractenstiques suivants: 
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Signal 


Multiplicity 


45,2 ppm 


CH 2 


63,0 ppm 


CH 2 


69,7 ppm 


CH 


73,0 ppm 


CH 


74,0 ppm 


CH 


76,1 ppm 


CH 


99,7 ppm 


CH 


103,4 ppm 


CH 


114,9 ppm 


oh (2 carbones) 


115,3 ppm 


CH 


118,4 ppm 


C 


122,0 ppm 


C 


123,6 ppm 


C 


126,9 ppm 


CH 


129,9 ppm 


CH (2 carbones) 


153,2 ppm 


CH 


156,8 ppm 


C 


157,4 ppm 


C 


161 ,0 ppm 


C 


168,3 ppm 


C 


169,1 ppm 


C 


174,7 ppm 


c 



On trouve done un total de 24 atomes de carbone, parmi lesquels 3 carbones carbonyles (acide 
carboxylique et c&one conjugu^e). 14 carbones aromatiques ou oldfiniques (8CH, 6 quaternaires) dont 4 
sent O-substitues, un carbone est anomerique (CH-OH), 4 sont des CH aliphatiques O-substituSs, un est un 
CH 2 aliphatique 0-substitu§ et un est un Chfe aliphatique non O-substitue. 
On a igalement trouve 17 protons non interchangeables. 



Tests d'activite des composes 



i) Analyse qualitative 

I! est connu que le 0 carotene est oxyde* en presence d'acide linoteique par irradiation aux ultraviolets 
(UV). L'oxydation est mise en Evidence par la decoloration du £ carotene. 

On depose sur une plaque support pour chromatographie sur couche mince, une goutte d*une solution 
aqueuse de daidzine, de genistine, de matonate de daidzine ou de malonate de genistine. 
On vaporise ensuite sur la plaque une solution contenant 100 mg de 0 carotene et 1 ml d'acide linoieique 
dans 100 ml de chloroforms. La plaque devient jaune. 

On place la plaque sous une source de lumiere UV et on I'y laisse jusqu'a I'apparition d'une decoloration. 
On observe alors qu'aux endroits oD I'on a depose la genistine et la daidzine, la plaque n'est pas decolored 
et pr^sente toujours une coloration jaune. 

Ceci est dO au fait que la daidzine et Ea genistine presentent des proprietes antioxydantes qui peuvent 
empecher l'oxydation du 0 carotene, done sa decoloration. 

On observe aussl que la plaque prdsente la meme coloration jaune aux endroits ou Ton a depose tes 
malonates de genistine et de daidzine. 

Ces deux composes presentent done aussl des proprietes antioxydantes. 



ii) Analyse quantitative par spectrophotome'trie 



On prepare des solutions 0,01 M dans le methanol de daidzeine. de g£nist£ine, de daidzine, de 
g€nistine t de malonate de daidzine et de malonate de genistine. 
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De manure identique. on prepare code Stolons plusieurs solutions d'acide gallique dans le methanol, 
dont la concentration varle de 0,2 a 20 gl" 1 . 

On prepare egalement, comme riactff, une solution contenant 100 mg de 0 carotene, 1 ml d'acide 
linoteique et 100 ml de chloroforme. 
s On prepare des premiers Schantillons contenant 20 ul de la solution a mesurer, 60 ul de rSactif et 2 ml 
de methanol, et des seconds echantillons temoins contenant 20 ul de la solution a mesurer et 2 ml de 
methanol. 

On mesure, a 450 nm, I'absorbance de I'echantillon par rapport a son echantillon temoin juste apres 
!eurs preparations, puis Ton expose les deux ichantillons pendant 12 minutes a un rayonnement ultraviolet 
io et Ton effectue a nouveau la mesure de leur absorbance. 

On peut alors comparer les resultats obtenus pour les Isoflavones aux rSsultats obtenus pour les 
differentes solutions d'acide gallique, ce qui permet de difinir les equivalences suivantes: 



Solution d'isoflavones 


Concentration molaire de la solution d'acide 


0,010 M 


gallique presentant le mime pouvoir antioxydant 


DaidzSine 


0,020 M 


Daidzine 


0,022 M 


Malonate de daidzine 


0,024 M 


Genistelne 


0,028 M 


Genistine 


0,027 M 


Malonate de genistine 


0,029 M 



On constate done que les solutions 0,010 M de malonate de daidzine ou de genistine ont le mime effet 
que les solutions 0.010 M de daidzine ou de ginistine, et que les solutions 0,024 M et 0,029 M d'acide 
gallique. 



Hi) Test d'oxydation 

En utilisant le test d'oxydation acceliree Rancimat, on determine les temps d'induction de la graisse de 
poule stabilised par addition de malonate de ggnistine ou de daidzine. 

Le test Rancimat® consiste a faire passer de I'air dans un tube de reaction contenant un echantillon de 
5 g de matiere grasse a 100 # C et a mesurer la conductivity des produfts secondaires volatils formes en 
cours d'oxydation et entraTnes avec le courant d'air. On determine le temps d'induction graphiquement a 
partir de la courbe enregistrSe de la conductivity en fonction du temps par intersection de la tangente a la 
courbe avec I'axe des temps. 

On obtient les rSsultats survants pour une graisse de poule contenant 500 ppm de malonate de 
ginistine ou de daidzine ou ne contenant rien (temoin) : 





temps 




d'induction 




(h) 


temoin 


6,95 


malonate de genistine 500 ppm 


8,10 


malonate de daidzine 500 ppm 


7,68 



L'effet antioxydant du malonate de genistine et du malonate de daidzine est done blen confirms. 



Revendicatfons 

1. ProcSde d'obtention d'isoflavones caractSrise* par le fait que I'on extrait une mouture de fives de soja 
avec un alcool, on tamponne Textrait brut obtenu avec une solution aqueuse de tampon, de maniere a 
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atteindre un pH de 6-9, on extrait la solution tampon contenant Textralt brut avec un solvant organique' non 
miscible a I'eau, on recupere la phase aqueuse que Ton acidifie jusqu'a pH 2,5-4, on extrait la phase 
aqueuse acidifies avec un solvant organique non miscible a I'eau, on recupere la phase organique que Ton 
neutralise a pH 6,8-7,2 et Ton sSpare las composes residue Is. 
5 2. Precede* selon la revendication 1 , caract^rlse* par le fait que Ton extrait la mouture de fives de soja avec 
une solution aqueuse de methanol a 70-90%, par chauffage a 70-90* C pendant 50-100 minutes. 

3. Precede* selon la revendication 1 , caracterlse* par le fait que le solvant organique non miscible a I'eau est 
le butanoi. 

4. Precede de protection d'un produit alimentaire ou cosmStique de I'oxydation, caractense par le fait que 
70 Ton incorpore audit produit une quantite efficace de malonate de gSnlstine et/ou de malonate de daidzine. 
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Method for treatment of osteoporosis. 
© A compound of the formula 




N 
< 

s 



wherein R is a hydrogen atom or a hydroxy group is effective 
for prevention or treatment of osteoporosis. 
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Method f or treatment of osteoporosis 
This invention relates to a therapeutic means for 

treatment of osteoporosis. 

More particularly, this invention relates to a medicament 

for prevention or treatment of osteoporosis, which contains 

a compound of the formula 

0 




wherein R is a hydrogen atom or a hydroxy group. 

Osteoporosis is a disease condition or illness which 

15 occurs frequently in postmenopausal females, particularly 
those in their sixties, and wherein the quantitative loss 
of bones progresses beyond a certain limit to thereby present 
some symptoms or risk manifestations. Among its main clinical 
manifestations are kyphosis, low back pain, and fractures 

20 of femoral neck, lower end of the radius, ribs, upper end 

of the humerus, etc. while the causative factors are variegated, 
including endocrine disorder and nutritional disorder, apparently 
the most important cause is a descreased secretion of estrogen 
due to hypoovarianism in females during the postmenopausal 

25 period. Therefore, of all the therapeutic agents for osteoporosis, 
the theoretically most effective drugs are estrogen j greparat ions. 
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However r the estrogens so far available are so strong in 
effect as to cause side effects such as genital bleeding, 
mastodynia, hepatic disorder, etc. and, for this reason, 
have not been used recently on as many occasions as in the 
5 past. There are other types of therapeutic agents such 
as calcitonin, vitamin D and calcium preparations, which 
however are disadvantageous in that they are either only 
indefinitely effective or ineffective when administered 
by the oral route. 
10 The present inventors have found that the compound 

of the formula (I) exhibits a milder estrogen activity than 
the conventional estrogens in the oral regimen and does 
not cause side effects which are produced by these known 
drugs but cures osteoporosis by stimulating secretion of 
15 calcitonin from the thyroid. 

The compounds of the formula (I) which are employed 
in accordance with the present invention are invariably 
crystalline compounds which are white to pale yellowish 
brown in color, and are freely soluble in diraethylformamide 
20 and chloroform, soluble in ethanol and acetone and practically 
insoluble in water. When R in the formula (I) is a hydroxy 
group, it may be present in any position of the phenyl ring. 

These compounds can be produced, for example, by cyclizing 
a 2,4-dihydroxy-phenyl (with or without a hydroxy group 
25 on the benzene ring) benzyl ketone to a benzopyran compound, 
and some of these compounds are known to have capillary 
vessel stabilizing activity (French Pharmaceutical Patent 
No. 1065) , therapeutic effective for vascular disorders, 
inflammatory and vitamin-? deficiency disorders (United 
30 States Patent No. 3,352,754) or anticonvulsant activity 
(Japanese Patent Publication No. 32074/1972), but it has 
not been known that any of the compounds is useful for the 
treatment of osteoporosis. 

As will be apparent from Test Example 5 which appears 
35 hereinafter, all of the compounds of the formula (I) are 
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sparingly toxic. Thus, in the studies in which the compounds 
were administered orally or subcutaneously to mice or rats 
at the technically feasible highest doses (5,000 to 10,000 
mg/kg) , there occurred no death nor toxic symptoms attributable 
to the compounds. 

On the other hand. Test Examples 1 ana 2 presented 
hereinafter show that 7-hyaroxy-isoflavohe [hereinafter 
referred to briefly as compound (I)] and 7,4'-dihydroxy- 
isoflavone [briefly, compound (II)], whic h are representative 
species of the compound represented by the formula (I), 
have mild estrogenic activity which is suited for the treatment 
of osteoporosis. 

Test Example 1 

15 ESt ^ nic acti ^V «* 7-hydroxy-rBOflavone in ^ nQbhoiBctomi ^ 
ra ts ■ 

Sprague-Dawley rats, 33 days old and 11 days after 
oophorectomy for elimination of endogenous estrogenic activity 
were used in groups of 6 to 7 animals. Compound (I) was 
suspended in a 1% aqueous solution of hydroxypropylcellulose 
and administered orally for 3 days, while as a representative 
examp le of the conventional estrogen drug, estrone was dissolved 
in sesame oil and administered subcutaneously for 3 days 
On th* fourth day, each animal was autopsied and its uterine 
wet weight was recorded. As shown in Table 1, compound 
(I) at the daily dose levels of 200 mg/kg and 400 mg/kg 
produced uterine weight increasing effect with a dose-response 
curve of moderate gradient. In contrast, estrone showed 
uterine weight increasing effect with a dose-response curve 
of steep gradient. 
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Table 1 



Compound Daily dose No. of Uterine wet weight 

(rag/kg) animals (rag + S.D.) 



5 



15 





0 


7 


35.0 


+ 


1.0 




(control group). 












6.25 


7 


32.8 


+ 


1.1 




12.5 


7 


33.4 


+ 


0.9 


Compound (I) 


25 . 


7 


35.1 


+ 


0.8 




50 


7 


35.3 


+ 


1*7 




100 


7 


35.9 


+ 


i.o 




200 


7 


57.9 


+ 


1.0* 




400 


6 


70.4 


+ 


6.7* 




0.0025 


7 


101.7 


+ 


4.6* 


Estrone 


0.005 


7 


159.8 


+ 


9.4* 




0.01 


7 


223.3 




12.5* 



20 

*: Significant as compared with control group (P<0.01) 

Test Example 2 

Estrogenic activity of 7,4 , -dihydroxy-isoflavone in young 

25 oophorectomized rats 

Sprague-Dawley rats, 33 days old and 11 days after 
oophorectomy for elimination of endogenous estrogenic activity, 
were used in groups of 7 animals. Compound (II) was suspended 
in a 1% aqueous solution of hydroxypropylcellulose and administered 

30 orally. As shown in Table 2, compound (II) at the dose 
level of 400 mg/kg showed mild uterine weight increasing 
activity. 
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Table 2 



Daily dose of 
compound (ii) 
(mg/kg) 



(control group) 
6.25 
25 
100 
400 



No. of 
animals 



Uterine wet weight 
(mg + S.D.) 



7 
7 
7 
7 



31.1 + 1.1 

33.2 + 0,8 
32.8 + 1.0 

35.3 + 1.3 
62.3 + 6.0* 



*« Significant as compared with control group. (P< 0 . 0 1) 
,o™ T f ° ll0Wing Test **™Pl*s 3 and 4 show that the 

hie:"! T 1 T W b ° ne ^^inhLn^ - 
ctxvity whxch is effective for the treatment of osteoporosis. 

Test Examp le 1 

gge^esorption inhibit, :,. 7 . hvdrovw .,^ 

and 7.4'-dihy droxv-Wi a „ 1n -l f f 7~TT * sotlavon .£ 

Determ in.** l0Pq b ° ne f? " 1< —° 

the method, ^ resorption was performed by" 

the method of Raisz fJ . Clin . Invesfc> J 

Thus, a Sprague 7 Dawle y rat on the 19th day of pregnancy 
was subcutaneously injected with 50 p ci of « 1 

fo lowing day. The embryos were aseptically taken out 
the forel ^ (radius ^ t 

under a binocular <3i * • «unK 

P- P «e bone „J* TchZf ? " P—"*. ■ to 

n c a i m u ries ' Grand Island, KY 14072 

in'L ' 6 BmPU " aS £ " tth « « «« 3 days 

in the same media, as above in „hicb 10 p g/w ot 25 

45 r a ..K the ™ e6iwa and that of 

in the bone were measured and the percentage ( % , of 
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45 Ca released from the bone into the medium was calculated 
bv the following formula. 

Percentage (%) of Ca released from bone into medium 

_ Count of 45 Ca in medium x 10 q 

Count of 45 Ca in medium + Count of 45 Ca in bone 

As control, the bones of the embryos from the same 
litter were similarly incubated in the absence of compound 
(I) or (II) for 3 days. The mean + standard deviation for 
10 the six bones per group are shown in Table 3. It is apparent 
that compounds (I) and (II) suppressed bone resorption. 

Table 3 



15 



20 





Concentration 
of compound 


4 5 C a < %) 
released 




Control group 


0 


20.6 + 3.8 


19.9 + 5.0 


Test group 1 


Compound (I) 
10 ug/m* 


16.5 + 2.5* 




Test group 2 


Compound (I) 
25 yg/mi 


13.5 + 2.5* 




Test group 3 


Compound (II) 
10 vg/mi 




15.9 + 1.3** 



25 * : A significant difference from the control group (P<0.001) 
**: A significant difference from the control group (P<0.002) 

Test Example 4 
Inhibiting activity of 7r4 , -dihydroxy-isoflav one to the 
bone resorption potentiating action of para thyroid hormone 
30 in rat fetal long bone culture. 

The bone samples prepared in the same manner as Test 
Example 3 were pre-incubated for 24 hours in the same medium 
as that prepared in Test Example 3 which contains bovine 
serum album in BGJ b medium (Pitton-Jackson modification) . 
35 Then r in the concomitant presence of PTH (parathyroid hormone, 
a bone resorption stimulant) and compound (II) , the samples 
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were further incubated for 3 days and the percentage of 

Ca released into the medium was calculated by means of 
the same formula as that in Test Example 3. The results 
are shown in Table 4. As control experiments, the same 
5 determination was made for a control group using the medium 
supplemented with PTH alone. It is apparent from Table 
4 that compound (II) suppressed PTH-stimulated bone resorption. 

Table 4 

!0 Concentration 45 Ca (%) 

of compound (II) released 

Control group n 30.8+4.3 

Test group i 0 pg / m | 23.5+3.4* 



15 



20 



*: A significant difference from the control group (P<0.0l) 

Test. Example 5 

Acute toxicity 

Five-week-old ICR mice and 5-week-old. 
Sprague-Dawley rats were respectively used in groups of 
10 males and 10 females, arid suspensions of compound (I) 
or compound (II) in olive oil were administered orally [2,500, 
5,000 and 10,000 mg/kg of each compound] or subcutaneously 
[1,250, 2,500 and 5,000 mg/kg]. The animals were kept under 
25 observation for 14 days. None of the groups showed deaths 
nor toxic symptoms attributable to compound (I) or (II) 
and, therefore, LD 5Q values could not be calculated. 

The daily dosage of the compound of the formula (I) 
according to this invention for human beings is generally 
30 about 1 to 50 mg/kg and preferably about 5 to 20 mg/kg for 
oral administration, and about 200 to 600 rag can be orally 
taken daily, once a day or, if necessary, in 2 to 3 divided 
doses. The compounds are preferably formulated into such 
dosage forms as tablets, capsules, etc. by the established 
35 Pharmaceutical procedure. Such tablets and capsules can 
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be prepared using suitable excipients such as lactose, starch, 
etc., binders such as hydroxypropylcellulose, and lubricants 
such as magnesium stearate. The tablets may be sugar-coated, 
if necessary, 

5 The following preparation examples are given to illustrate 

the invention in further detail and should not be construed 
as limiting the scope of the invention. 

Example 1 Tablets 
I) 7-Hydroxy-isoflavone 200 g 

10 II) Lactose 15 9 

III) Starch 44 9 

IV) Carboxymethylcellulose 10 g 

V) Magnesium stearate 1 g 

The above components I) through V) were admixed to 
15 prepare 1000 uncoated tablets with a diameter of 8.5 mm. 

Example 2 Capsules 

I) T^'-Dihydroxy-isoflavone 200 g 

II) Lactose 40 9 

III) Starch 50 g 
20 IV) Hydroxypropylcellulose 7 g 

V) Magnesium stearate 3 g 

The above components I) through V) were admixed and 
filled into 1000 No. 1 capsules, 

25 



30 



35 
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What is claimed is: 
1. A compound of the formula 

0 




wherein R is a hydrogen atom or a hydroxy group for use 
in prevention or treatment of osteoporosis. 

2. A pharmaceutical composition for prevention or treatment 
of osteoporosis, which contains an effective amount of a 
compound of the formula 



0 




wherein R is a hydrogen atom or a hydroxy group and a pharma- 
ceutical acceptable carrier, vehicle, lubricant or diluent 
therefor. 

3. A pharmaceutical composition according to claim 2, 

which is in the form of tablet, capsule, granule, fine granule, 

powder or syrup. 

4 A pharmaceutical composition according to claim 2, 
wherein the osteoporosis is that caused by decreasing secretion 
of estrogen due to hypoovarianism. 
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Determination of Isoflavones in Soybean Flours, Protein Concentrates, and Isol 



ates 



Arthur C. EJdridge 



I 



mean isoflavohe contend (mg/ 100 ^ ^E^'fi^rtS^ SrfLS^ifS^ ^ the f ° Uowing 
32.8; genatein, 26.7. The some &kmauwm fSK !* 91 S^ 1 " 1 ' 1198; daid2eia . 

protein iaolates but in decreased amount ^ Pr0tem C0 " centtile! "> d 



' Soybeans contain isoflavones (Nairn et al.,1974) that 
? have severaJ known activities, including estrogenic (Drane 
- et al 1980; Kitts et al., 1980), fungitoxic (Wyman and 

* ■ VanEtten, 1978), and antioxidant (Pratt and Birac, 1979) 
j. properties. Because of the ever increasing use of soybean 

protein products in foods and feeds, it is necessary to know 

■ the concentration of these biologically active compounds 
. in various commercial products. Only one report in the 
; literature (Nairn et al., 1974) gives any quantitative data 
... on the concentration of isoflavones in soybeans. Therefore, 

this study has been conducted to determine the amount 
y of these compounds in soybean flours, protein concen- 
trates, and isolates. 

MATERIALS AND METHODS 
!; Samples. A dehulled, defatted soybean flour was pre- 

* pared in the laboratory (Eldridge et al, 1971) from Amsoy 
. soybeans that were grown in 1978. In addition, one sample 
gar commercial soybean meal and eight teiturized soybean 
flours were obtained from various manufacturers. Five 
; foaaercial samples of soybean protein concentrates 
'i o K? UC il C0n !? il,in& a minimu * Pf 70% protein) were 

* Z^!. d « ° m f0Ur ^^^era. Three processors each 
|-, ™* a different procedure for the preparation of their 
}; ^ntraus (Circle and Smith, 1972). Five soybean 
?• f^r^^ 0laU3 ( P roducts containing a minimum of 90% 

■ P Sc"?' were Poured from one manufacturer. 

6- 1 AH 7 namCS End SOUrces ° r ^Ples are given in Table 
? PVI ^ w * rc B round to a 60-oUmesh screen. 
'Qourir 10 " 0 Extracts. Ground defatted soybean 

'■O^L ^ b e 80lvent for dissolving the soybean iso- 

^^W^^^^^^^t'^itt60% methanol 
£ 6 m0St "P^uciole results and maximum eitrac- 

I 



Regional Research Center, Agricultural Re- 
Science and Education Administration, US. De- 
■tf^ woent of Agriculture, Peoria, Illinois 61604. 



Table L Identity of Samples Used in the Study 

samples trade name or description source 0 



flours 
A 

B 

C 

D 

E 

F 

G 

H 

I 

J 

concentrates 
K 
L 
M 
N 
O 

isolates 
P 

Q 
R 
S 
T 



hexane, defatted Amsoy variety 

1978 crop 
Nutrisoy 7B 
unfavored TVP 
Textratein 
Centex 300 
Centex 300 SL 
Centex 400 
Centex 400 SL 
Mira Tex 
Promote III, SL 

Response 

Food protein concentrate 
Pro Con 2000 
Promosoy 100 
GL-301 

Edi Pro N 
Edi Pro A 
Supro 610 
Su pro 620 
Supro 710 



2 
2 
3 
4 
4 
4 
4 
5 
6 

4 
7 

•5 
4 
6 

8 
8 
8 
6 
8 



n s „ii S em /, ep °, na i Reseaich Center : 2 > Archer- 
Daniels-Midland Co.; 3, Cargfll, Inc.; 4, Central Soya Co.; 
5 A. E, StaJey Manufacturing Co. ; 6, Griffith Laboratories. 
Inc.; 7, Swift and Co.; 8, Ralston Purina Co. 

In the analysis of soybean products, n-butyrophenone. 
which served as an internal standard, was dissolved in 80% 
aqueous methanol, and an accurate volume was added to 
the sample. A 1-g sample with 25 mL of 80% aqueous 
methanol containing the internal standard was heated 
(tolling) on a steam bath for 4 h, cooled, and filtered 

o^m r^flJ^- foUowed *>* a Type HA, 

0.45-mM filter (MiUipore Corp.. Bedford, MA). 

Chromatography. The previously published chroma- 
lographic procedure (Eldridge, 1982) was followed, using 
a linear methanol gradient from 25 to 50% in 20 min 
followed by an isocratic' hold period of at least 30 min 
Kesponse factors for the individual isolated glucosides and 
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jblc Ii. Effect of Time on :Extraction of Isoflavones . 
yfnt fefatted Soybean Meal, (Safrple.A) 

isoflavone content," nig/ 100 g, 



80% 



^-isoflavone Nairn 0 1 h . . 2 h .3 h 4 h 5 h 



45:1. 6 
6h 



glycitein 
7-p-glucoside 



67 
39 



44 

9 



63 
11 



60 
12 



65 
13 



66 
13 



48 
9 



f 



^ycitein tr tr 1 1 tr tr tr 

genistein ,1 2.22 -. 2 1 2 

. * Corrected for an assumed 20% oil content. b Solvent: 
sample ratio. 



aglycons were determined based on the internal standard. 
These response factors were used to calculate the iso- 
flavone and isoflavone glucoside composition of various 
* commercial soybean protein products. 

^RESULTS AND DISCUSSION 

£gp3hown in Figure 1 is a typical elution diagram obtained 
upon chromatographing an 80% methanol extract of 
soybean flour. This particular elution pattern is for an 
extract of Centex 400 flour (sample G). 

Table II shows results obtained when a single lot (sample 
A) of bexane-defatted soybean flour was extracted with, 
hot 80% aqueous methanol for various times at different 
solvent ratios. Also included from Nairn et aL (1974), who 
used GLC, are data that have been corrected to an oil-free 
basis by assuxriing 20% oil. As seen in Table II, there is 
an increase in the extraction of the isoflavone glucosides 
with time. The largest increase is in genistin, which goes 
from 88 mg/100 g of meal in 1 h to 144 mg/100 g of meal 
in 5 h, whereas changing the solvent ratio from 15:1 to 45:1 
and extracting for 5 h do not increase the amount of iso- 
flavone glucoside found The results indicate that the slow 
extraction of the isoflavone glucosides is not due to limited 
solubility and that a 4-h extraction appears to be sufficient 
for extracting, the isoflavones from soybean meal. 

Table HI gives the amounts of isoflavone glucosides and 
aglycons measured in several commercial defatted soybean 
g||ur products.- The glucosides daidzin and genistin ac- 
^Ant for well over 50% of the total isoflavone found in 
soybean flours. In sample H, these two isoflavone gluco- 
sides account, for 75% of the total isoflavones measured. 

Table rV gives the results of analyzing five different 
soybean protein concentrates (products which contain a 
minimum of 70% protein). Concentrates L and O were 
prepared by aqueous leaching of defatted soybean flours 
(Circle and Smith, 1972), and the amount of isoflavone 
measured in the sample approximates the amount of iso- 
Uvone measured in soybean flours (Table HI). Concen- . 
^ates K, M, and N, on the other hand, are prepared by 

^ble HI. Isoflavone Analysis of Ten Defatted Soy Flours 




Figure 1. High-performance liquid chromatographic elution 
diagram of an 80% aqueous methanolic extract of texturized 
soybean flour. Peaks axe (1) daidzin, (2) glycitein 
(3) genistin (4) daidzein, (5) glycitein, (6) geniatein, (7) cW 
esUrol, and (8) n-butyrophenone. 

extracting hexane-defatted soybean meals with aqueous 
alcohols. This alcohol treatment should remove some of 
the isoflavones from the meal. The results shown f or 
samples K, M; and N in Table IV indeed show a decrease 
in the isoflavones. 

Table V shows the results obtained when five different 
soybean protein isolates (products containing at least 90% 
protein) were analyzed for their isoflavone contents. The 
majority of the isoflavone measured was genistin, as was 
observed when soybean flours were analyzed. Although 
the five soybean protein isolates analyzed are manufac- 
tured by different procedures so that the end products 
have different characteristics, their isoflavone content is 
fairly constant. About 50% of the total isoflavones in 
hexane-defatted soybean meal is lost when soybean protein 
isolate is prepared. The data in Tables m and V show that 
isoflavone glycosides are preferentially lost in the protein 
isolation procedure. This decrease in the isoflavone gly- 
cosides during protein isolation may be because the gly- 
cosides are more soluble than the aglycons in water, which 
is used for the "extraction of soybean protein. 
CONCLUSIONS 

A high-performance liquid chromatographic procedure 
has been used to quantitatively measure the isoflavone 
contents of commercial soybean protein products. The 
isoflavones in soybeans exist in several forms, Le., as glu- 
cosides, acetyl glucosides,. and aglycons. The majority of 
the isoflavones are present as the glycosides. 

In 1980 Drane et aL (1980) showed that rations con- • 
taining soybean meal prepared for rats caused the uteri 
of mice to increase in size and concluded soybean meal 
does have estrogenic activity. Earlier Bickoff et al. (1962) 
showed that the quantity of genistein and daidzein needed 
to produce a 25-mg uteri in mice was 8000 and 10000 jig. 7 
respectively. More recent research by Kitts et al. (1980) 



isoflavone 
d aid i in 

glycitein 7-flglucoside 

genistin 

daidzein 

glycitein 

genistein 

total 

«°i^. Verae€ ° f tW ° rep!,cat€s * 



mg/100 g, as is, of flour 0 



A 


B 


62- 


61 


18 


12 


127- 


123 


48 


8 


tr 


2 


40 


4 


295 


210 



77 

22 
146 

37 
3 

21 
306 



D 


E 


F 


G 


H 


I 


J 


61 


49 


55 


48 


77 


65 


62 ■ 


13 


12 


13 


11 


15 


& 


7 


119 


102 


58 


98 


154 


142 


129 


46 


36 


31 


17 


33 


45 


27 


tr 


3 


2. 


tr 


. tr 


tr 


tr 


46 


27 


19 


21 


26 


38 


25 


285 


229 


178 


195 


305 


296 


250 



Relative standard error per mean is 9.6%. Least significant ratio (0.05 level) of two means 
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P I [V Isoflavone Analysis of Five Soybean 
Concentrates 



mg/100 g, as is, of concentrate 0 



L 



isoflavone 



K 


L 


M 


N 


0 


3 


59 


9 


4 


76 


1 


22 


2 


1 


13 


A 


124 


19 


6 


191 


11 


20 


12 


2 


11 


1 


tr 


tr 


1 


4 


1 


22 


1 


2 


22 


21 


247 


43 


16 


317 



'Ljycitein 7-0-glucoside 

ijsjdzem 
jycitein 

V a Average of two replicates. Relative standard error per 
^piean is 13.7%. Least significant ratio (0.05 level) of two 
Tpjeans is 1.5. 

'l^ble V. tsoflavone Analysis of Five Soybean 
: protein Isolates 



} 



mg/100 gi as is, of isolate* 



isoflavone 



daidzin 16 14 23 - 20. 30 

ftycitein 7-0-gIucoside 3 4 4 3 6 

genistin 67 59 80 66 55 

daidzein 8 12 18 ' 10 - 21 

{lycitein 2 12 13 



22 13 18* 5- 17 
118 103 145 105 132 

• Average of two replicates. Relative standard error per 
mean is 18.1%. Least significant ratio (0.05 level) of two 
means is 1.6. 

indicates that lesser amounts of genistein may be needed 
to cause an effect in rat uteri. Our studies show low levels 
)f daidzein and genistein in soybean protein products but 
arge amounts of the isoflavone glucosides. The total 
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isoflavone glucosides and aglycons measured in this study 
in hexane-defatted soybean meal appears to be approxi- 
mately 2500 ^xg/g. Further research is needed to study 
these soybean constituents as a source of estrogenic re- 
sponse in animals. 
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Sffect of pH on the Extraction and Fractionation of Dry Matter and Crude Protein 
:rom Coastal Bermuda Grass and White Clover 



John J. Evans 



Freeze-dried Coastal Bermuda grass (CBG) and white clover (WC) were extracted at pHs ranging from . 

P 4 to 10 and fractionated into four distinct fractions: chloroplastic (CHL), cytoplasmic. (CYT? nonprotein 
nitrogen (NPN), and residue (RES). Dry matter (DM) and crude protein (CP) distributions in the 
fractions were influenced by pH. At pH 4, the greatest amount of CHL protein was extracted from 
CBG while the least amount was extracted from WC" <At pHs ranging from 6 .to 10, the. CHUCP extracted 
remained constant for each forage with WC having twice the CHL CP as CBG. CYT CP extractability 
exhibited a quadratic effect (P < 0.001) due to pH; the pH optima for extraction of CYT proteins occurred 
at pHs 7 and 8 for CBG and WC, respectively. The amounts of pYT CP extracted from CBG and WC 
at their optimal pH were equivalent The NPN fractions increased in CP with increasing pH while the 
CP in the RES fractions decreased with increasing pH for both forages. In general, the DM distribution 
paralleled the CP distribution. 



The economical production of leaf protein concentrates 
om forages is desirable since forages can yield more dry 
atter and crude protein than any other crop (Pirie, 1979). 
he fractionation of forage proteins into green chloro- 
astic fractions for use in animal feeds and nearly white 
toplasmic fractions for human use has increased the 
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importance of forages as sources of protein (Subba Rau 
et aL, 1969; Evans et aL, 1974; Horigome, 1977; Hanna and 
Ogden, 1980). Consequently, many different extraction 
and fractionation procedures have been described (Spencer 
et aL, 1970, 1971; Pirie, 1971; Fishman and Burdick, 1977; 
Ostrowski, 1979) in an attempt to efficiently extract pro-' 
teins from different plants. Chloroplastic and cytoplasmic 
proteins have been separated mainly on the basis of dif- 
ferential heat treatment of the expressed plant juices 
(Byers, 1967; Lexander et aL, 1970; de Premery et aL, 1973; 
Edwards et aL, 1975; Miller et aL, 1975). These extraction 
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This review is concerned with the presence of naturally occurring oestrogens in food plants 
and processed foods. Particular emphasis is placed on isoflavones and coumestans, both of 
which are true plant oestrogens, and the resorcylic acid lactones, more correctly classified as 
fungal oestrogens. The metabolism and mode of action of these compounds is discussed and 
their biological potencies, determined in both in vivo and in vitro studies, described. Current 
methods of analysis are indicated and the levels of these oestrogens in food plants, processed 
foods and feedingstuffs are presented. Botanical, environmental or technological factors 
affecting the possible intake of plant and fungal oestrogens are mentioned and the hazard 
associated with such intake is compared with that originating from other dietary or medicinal 
hormonally active substances. Indications are given of the wide range of common food plants 
which have been reported to possess oestrogenic (uterotropic) activity, although it is 
emphasized that in general further work is necessary to substantiate these claims and to 
confirm the identities of the biologically active principles which have in some cases been 
proposed. In the concluding section suggestions are made for additional research considered 
important or necessary in this interesting area. 
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Introduction 

The presence in plants of oestrogens, compounds which induce oestrus in 
immature animals or interfere with normal reproductive processes, has been known for 
over half a century. However, the use of plants and plant extracts to control fertility in 
animals and humans has been recognized since earliest times. In the Orient, for 
example, the pomegranate has traditional associations with fertility which stretch back 
over 2000 years. Although many of the plant oestrogens have now been separated, 
purified and characterized, only occasionally have they been found to be identical with 
those of animal origin, oestrone (I) and 17/?-oestradiol (II) (Hewitt et al 1980) (see 
figure 1). 

In 1954, Bradbury and White listed 53 plants which possessed the capacity to 
initiate oestrus in animals, but progress in this area was such that only two decades later 
Farnsworth et al (1975) were able to describe over 300 such plants. In many cases the 
exact nature of the active principles has not been established but, of the identified 
compounds, isofiavones and coumestans are the most common. In all, these authors 
listed 29 plant oestrogens, many of which possessed structural similarity to synthetic 
diethylstilboestrol (III) (figure 1). Less than half the compounds listed have been 
reported in plants which are regularly consumed by animals or man. Such plants are 
listed in table 1 and it may be noted that certain of these, for example legumes and 
fodder crops, may be consumed in relatively large amounts. Indeed, problems of 
infertility in livestock (especially sheep) resulting from the grazing of oestrogen-rich 
pasture or fodders are a serious economic problem in many parts of the world (Hanson 
et al 1965, BickofT 1968, Shutt 1976) and have provided the stimulus for much of the 
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Figure 1. Structures of animal and synthetic oestrogens. 



Table 1. Oestrogenic principles of edible plants. 



Plant 


Common name 


Part 


Active principle 


Avena sativum 


oats 


seed, meal, 
sprouts 


zearalenone fl 
zearalenol 0 


Qicer arietinum 


chick pea 
Bengal gram 


seed, seedling 


isoflavones 
isoflavones 


Daucus carota var. saiiva 


carrot 




3-methyI-6-methoxy-8 
-hydroxy,3,4-dihydro 
isocoumarin* 


Fdenicutum vulgare 


fennel 


oil 


anethole* 


Glycyrrhiza glabrata 


liquorice 


root 


oestriol, ^-sitosterol* 


Hordeum vulgare 


barley 


embryo 


zearalenone* 


Humulus luputus 


hops 




colupulon* 

lupulon* 

adlupulon* 


Malus syhestrls 


apple 


fruit 


□estrone 


Medicago tyspida 


toothed medic 




isoflavones 


Medlcago Utteratls 


barrel medic 




coumestrol 


Medicago sativa 


alfalfa 




4-methoxycoumestrol 
zearaienone* 
©estrone, oestradiol 


Oryza sativa 


rice 


seed, embryo 


Phaseolus vulgaris 


French bean 


seedling 


©estradiol 


Phoenix dactyltfera 


date palm 


seed 


oestrone 


Pimpinella anisum 


anise 


oil 


anethole* 


Poa pratensis 


btuegrass 




isoflavones 


Prunus avium 


cherry 


fruit 


prune tin 


Punica granatum 


pomegranate 


seed 


oestrone 


Secale cereale 


rye 




zearalenone* 


Sesamum Indicum 


sesame 


meal 


zearalenone' 


Soja max 


soya 


seed 
sprouts 


isoflavones 
coumestrol 


Sorghum vulgare 


sorghum 




zcaralenone 0 


Triticum vulgare 


wheat 


flour, seed, germ oil 


zcaralenone 0 


Trtfblium spp. 


clovers 


leaves 
stems 


coumestrol 
isoflavones 


Vigna sinensis 


cowpea 




coumestrol 


Zea mays 


corn 
hay 




zearalenone° 
zearalenol 0 
zcaralenone * 



° it should be emphasized that zearalenone and zearalenol are not produced by the plant per se but 
may occur on the plant as a result of synthesis by Fusaria. 
* Tentative. 
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Oestrogens in foods 



IS 



work which has been conducted on plant oestrogens. However, with the exception of 
those topics of relevance to the presence and effects of plant oestrogens in the human 
diet, e.g. studies on the analysis and metabolism of oestrogens and of their possible 
carry-over into the human body via the ingestion of animal products, the role of such 
compounds in fodders and other animal feedingstuffs will not be considered here. 

Additional interest in naturally occurring oestrogens has resulted from the disquiet 
of scientists, consumers and legislators over the presence in meat and meat products of 
compounds, such as diethylstilboestrol, designed to improve animal growth and 
performance (Umberger 1975, McMartin et al 1978). Although the biological activities 
of such compounds, expressed on a unit weight basis, are very much greater than those 
of plant oestrogens (see below), under normally regulated conditions their intake into 
the human body will be very much less. Since any health risk due to dietary factors is a 
consequence of both biological potency and exposure, there has in recent years been 
considerable study of plant oestrogens, their metabolism, modes of action and 
potencies. Such studies have revealed the considerable extent to which genetic, botanical 
and environmental factors determine the contents of these compounds and also how the 
processing of the raw plant prior to its consumption can exert similar effects. These 
studies have, in no small part, benefitted from the development of improved methods of 
chemical analysis, possessing greatly improved sensitivity and specificity. This paper 
reviews the more recent advances in these areas and identifies others awaiting additional 
investigation. 

The major plant oestrogens 

In this review, for convenience, the term 'plant oestrogen' will be used to describe 
all of the compounds considered in this section, although the resorcylic acid lactones 
have been referred to elsewhere as fungal oestrogens. 

The biological effects of plant oestrogens (in the form of the purified compounds 
or as fresh plants, extracts or processed material) are generally demonstrated by 
measuring the uterine enlargement of immature female mice or the degree of 
cornifkation of the vaginal epithelium. Whereas the former is the more sensitive it lacks 
the specificity of the latter (Stob 1983); both assays are, however, subject to criticism 
and misleading results are possible (Emmens 1969). 

Examination of table 1 reveals that compounds responsible for the oestrogenic 
activity mainly fall into three groups, according to their chemical structure. These are 

(a) isoflavones, which in many cases are present in the bound, glycosidic form; 

(b) coumestans; and (c) resorcylic acid lactones. A distinction can readily be made 
between the-first two groups and the latter; isoflavones and coumestans are intrinsic 
plant components, although their levels are dependent upon many factors, including 
those associated with growth and genetic background. In addition, their levels may also 
be increased as a direct response to microbial or insect damage. In contrast, the 
resorcylic acid lactones are products not of the plant per se, but of Fusarium moulds 
which are common in the field and flourish in the warm, moist conditions of badly 
stored grains and other produce. Although other individual compounds possessing 
oestrogenic activity do occur in food plants, and are considered in the penultimate 
section of this paper, the major part is concerned with the above groups which are 
considered separately below. 

Isoflavones and isoflavone glucosides 

The naturally occurring isoflavones which have been shown to possess oestrogenic 
activity are (figure 2): daidzein (IV) and genistein (V), their glucosides, daidzin (VI) and 
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Figure 2. Structures of naturally occurring isoflavones. 

genistin (VII), and their 4'-methyl ethers, formononetin (VIII) and biochanin A (IX), 
respectively; two other active isoflavones, pratensein (X) and prunetin (XI) are of rather 
limited occurrence. It is possible that other derivatives may also possess uterotropic 
activity; for example, Japanese workers have isolated the 6'-0-acetyl derivatives of both 
daidzin and genistin (XII and XIII, respectively) from soyabeans, but they do not 
appear to have been assayed for then- oestrogenic efFects (Ohta el ah 1979, 1980). It is, 
however, likely that they are metabolized in vivo by ruminants and other animals to 
daidzin and genistin. or their aglycones. Most of the above isoflavones occur in the intact 
plant in the bound form, as glucosides, but are readily degraded to the aglycone 
chemically or enzymically during processing, isolation and analysis. Bound isoflavones 
in clover and related pastures are readily hydrolysed by endogenous glycosidases when 
the intact plant is crushed (Beck 1964) and such hydrolysis can also occur in animals, 
and presumably man, in the absence of the plant enzyme. A large number of isoflavones 
have been isolated from plant species, but only a small number have been shown to 
possess oestrogenic activity. Moreover, not all isoflavones isolated from plants known 
to affect oestrus are active; for example, whilst soyabeans possess daidzein, genistein 
and their glycosides, they may also contain the uterotropically inactive glycitein (XIV) 
and glycitein-7/?-glucoside (XV) (figure 2) (Nairn et al 1973). 

The biological potencies of the individual isoflavones vary, but all are much less 
active than animal or synthetic oestrogens. Thus, although genistein is the most potent 
isoflavone in terms of its effect on mouse uterus (figure 3), it exhibits only 10" 5 of the 
activity of diethylstilboestrol. The relative activities of the individual isoflavones vary 
with both the species and strain of animal used and with the route of administration. In 
sheep, biochanin A and genistein were about 20 times less active when introduced 
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Figure 3. Relative uterotropic potency of diethylstilboestrol, oestrone, coumestrol and isoflavone 
oestrogens (after Stob 1983). 



intraruminally as compared to intramuscular injection, whereas the latter route showed 
formononetin to be inactive (Braden et al 1976), Genistein was found to be the most 
active of the isoflavone aglucones tested by oral administration in the mouse (Bickoff 
et al 1962) and together with its glucoside was equally active when administered 
subcutaneously (Cheng et al 1955). Differences in responses to other oestrogens 
between strains of mouse have, however, been reported (Fredericks et al 1981) and 
recently Farmakalidis and Murphy (1984b) have shown the CD-I mouse strain to be 
relatively insensitive to daidzin, genistin and genistein. Comparisons between data 



X), arrived at using different strains of mouse are, as the authors point out, thus to be 

her treated with caution. Moreover, there would seem an obvious need to specify, and 

pic indeed standardize, the strain of mouse used in the uterotropic assay. Bickoff et al 

Dth (1962) have demonstrated that dietary isoflavones (daidzein, genistein) possessing a free 

lot 4'-hydroxyl group were more uterotropically active in the mouse than their 4'-methyI 

is, ethers (formononetin and biochanin A, respectively). The greater potency of genistein 

to compared with daidzein has been attributed to interaction between the OH group and 

act the adjacent carbonyl group of the latter (Bradbury and White 1954). The effect of 

me pratensein is not included in figure 3, but it has been considered to be lower even than 

ies >■ formononetin (Wong 1963). 

len Isoflavones, like the other main groups of plant oestrogens, exhibit an affinity for 

lis, ] oestrogen receptor sites (Shutt and Cox 1972, Shutt 1976) and may therefore be 

les considered to function as anti-oestrogens (Martin et al 1978, Verdeal et al 1980). 

to (Anti-oestrogens are thought to exert their effect by decreasing the concentration of 

wn ; cytoplasmic oestrogen receptor and by complexing with the receptor, thus preventing 

ein biosynthetic processes associated with tissue development.) The affinities for the binding 

V) 0 f genistein to rat, rabbit and sheep uterine cytosol are 1-3, 0-6 and 0-9 respectively 
(relative to 17j?-oestradiol= 100). Other isoflavones are even less active: daidzein 

sss exhibits a relative binding affinity of 01 and 0-09 for sheep and rat uterine cytosol 

:nt . respectively; biochanin A has an affinity of 0-07 for rat uterine cytosol; and 

±e formononetin 0-01 for binding to sheep uterine cytosol (Verdeal and Ryan 1979). The 

"7 , isoflavone metabolites equol, O-desmethylangolensin and angolensin (see below) had 

In ' relative affinities for sheep uterine cytosol of 0-4, 0*05 and 0-03 respectively (Shutt and 

; ed Cox 1972). 
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Based upon the competitive binding to oestrogen receptors in steroid-binding 
globulins from human breast cancer cells (line MCF-T) the affinities of genistein and 
formononetin, relative to 1 7^-oestradiol, are 2 and 0 0 1 respectively (Martin et al 
1978). It seems most likely, as Verdeal and Ryan (1979) have suggested, that transport 
and metabolic effects are responsible for the apparent discrepancy between the results 
of the above affinity bioassays and those based upon uterotropic activity. The effects of 
pure isoflavones in the mouse, rat and sheep are summarized in table 2. 



Table 2. Effects of pure isoflavones." 



Animal 


Compound 


Dose 


Effect 


Mouse 


biochanin A 


10-40 mg/g diet 


uterine hypertrophy 




daidzein 


5-15 rag/g diet 


uterine hypertrophy 




formononetin 


15-40 mg/g diet 


uterine hypertrophy 




genistein 


5-20 mg/g diet 


uterine hypertrophy 




genistein 


15 rag/day, diet 


infertility, both sexes 




genistein 


10 mg injected 


displacement of oestr adiol 








from uterine receptors 




genistin 


5 mg/day, diet 


uterine hypertrophy 




genistin 


0-2% diet 


infertility, females 




genistin 


9-72 mg/day, diet 


testes atrophy, depressed growth 


Rat 


genistein 


0-5% diet 


testes atrophy, depressed growth 




genistein 


0-4 mg, injected 


increased protein, phospholipid 








synthesis in uterus 




genistin 


0-5% of diet 


testes atrophy, depressed growth 


Sheep . 


biochanin A 


1 g, injected 


uterine hypertrophy 




formononetin 


24 g, injected 


uterine hypertrophy 




genestein 


1 g, injected 


uterine hypertrophy 



0 Full references will be found in Stob (1983), from which this table is taken with 
permission. 



Investigation of the metabolism of isoflavone oestrogens was stimulated by the 
problem of clover disease in sheep (Bennetts et al 1946). Originally it was assumed that 
this condition, characterized by a marked loss of fertility, was due to the high levels of 
isoflavones present in subterranean, and other, clovers. Millington et al. (1964) were 
unable, however, to establish a relationship between the hormonal activity in sheep fed 
clover and the levels of genistein or biochanin A; a positive relationship was, however, 
found between the weaker oestrogen, formononetin, and such activity in vivo. It is now 
realized that the reason for this apparently anomalous situation lies in differences in the 
metabolism of these isoflavones in the digestive tract Whereas biochanin A and genistein 
are converted into inactive products, formononetin is metabolized to the isoflavan equol 
(XVII), and it is this compound in the animal which produces the effect on oestrus 
(Shutt and Braden 1968). Equol does not, however, appear to be metabolized in the 
tissues of the sheep (Braden et al 1967). The uterotropic effect of equol is only 10" 3 
that of 17^-oestradiol (Tang and Adams 1980), a potency which is consistent with its 
relative molar binding affinity to uterine cytosol receptor in vitro (Shutt and Cox 1972). 

The major pathways which have been elucidated for the metabolism of 
formononetin (VIII) are shown in figure 4. The primary route, A, involves initial 
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Figure 4. Metabolism of for mo none tin m the sheep. 
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demethyiation {forming daidzein, IV) and then reduction. A secondary process (B) 
involves reduction to the 4'-methyl ether of equol (XVI) followed by demethyiation. 
Equol possesses about one half of the affinity for binding to receptor sites of sheep 
uterine cytosol exhibited by genistein and approximately one quarter of the uterotropic 
activity of this compound when assayed by intravaginal tetrazolium reduction after 
oral administration to mice (Shutt and Braden 1968). About 70% of the formono- 
netin ingested by sheep is converted to equol (Shutt et al 1970) and, to a smaller 
degree, daidzein; in addition, other active metabolites, angolensin (XVIII) and. 
O-desmethylangolensin (XIX) (figure 4, route C) may also be formed (Batterham 
et al 197 1). These compounds are uterotropic in mice and bind to sheep uterine cytosol 
receptor sites (relative affinities, angolensin 0-03 and O-desmethylangolensin 0-05) 
(Shutt and Cox 1972). In agreement with the findings of Bickoff et al (1962), referred to 
above, the oestrogenic activity of the 4'-methyl ether, angolensin, was lower than that of 
its 4'-desmethyI analogue (Micheli et al 1 962). 

In marked contrast to the above, btochanin A is metabolized in the sheep 
via demethyiation (to genistein, V) and thence, by ring cleavage (presumably involv- 
ing the intermediate phenyl-a-methylbenzyl ketone) to the oestrogenically inactive 
p-ethylphenol (XX, figure 5) (Braden et al 1967). 

Comparative studies in sheep and cattle revealed the latter to metabolize 
formononetin more rapidly and also to be more effective in conjugating isoflavones and 
their metabolites (Braden et al 1971). In sheep the metabolism of biochanin A and 
genistein in the rumen is initially low but increases significandy over the first few days of 
grazing on clover and related forages; this is paralleled by a reduction in the hormonal 
effect of these crops. In marked contrast, the rate of formononetin degradation is not 
affected by time to any great extent, hence the pasture retains its oestrogenicity 
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Figure 5. Metabolism of biochanin A in the sheep. 

(Lindsay and Francis 1969). Provided that the livestock are removed from such pasture 
the oestrogenic effects are reversible. However, continued grazing will lead to 
permanent physiological changes of the reproductive tract (Lindner 1976). Equol has 
been identified in the urine of goats, rats and hens and in each case was considered to 
result from dietary isoflavone precursors, rather than being present in the diet per se. 

Shutt et al (1970) have observed the metabolism of isoflavones in sheep to proceed 
rapidly; for example, 1 g of biochanin A plus genistein was metabolized in about 
90 min. Moreover, the data presented suggested that the initial demethylation (A in 
figure 4), rather than the reduction, was the rate-limiting step. Equol does not appear to 
suffer extensive degradation in the rumen, but is readily absorbed therefrom (residence 
time 1 -7 h). There is a suggestion that residence times for isoflavones may be reduced 
under grazing conditions, a consequence of which may be the less complete metabolism 
of isoflavones in the rumen, a greater concentration of genistein resulting and/or a 
decreased production of equol from formononetin (Shutt et al 1970). Consequently the 
oestrogenic activity, and effect, of such pasture in livestock depends upon the fine 
balance of isoflavone metabolism in vivo. 

In contrast to the metabolites of steroidal ©estrogens, isoflavones are readily 
conjugated as glucuronides and excreted. According to Shutt et al. (1967) circulating 
isoflavones are almost exclusively present in the form of biologically inactive 
glucuronides, although small amounts of the free compounds and their sulpho- 
conjugates, which can yield the free compounds in vivo, may also occur. A similar 
situation has been observed in man (Axelson et al 1982). The plasma content of dietary 
isoflavones in sheep following the feeding of red or subterranean clovers was maximal 
30 min after feeding and thereafter rapidly declined; the content of equol increased from 
4 to 10/jg/100 ml plasma between 30 and 150 min after feeding, whilst the measured 
conjugated equol in plasma was very much higher (300-400 /ig/100 ml) and was 
largely independent of feeding time (Shutt et al 1967). 

Equol was first reported in human urine by Axelson et al. (1982). Total daily 
excretion levels of two male subjects were 10*9 and 35*2 j/g, whilst those of four female 
subjects ranged from 10-7 to 43*3/ig. In most cases >99-8% of the measured equol 
was excreted as the glucuronide, but in two subjects 5*7 and 9-9% was bound as the 
sulphoconjugate. Independently Adlercreutz et al (1982) reported that there was no 
significant difference in the daily urinary excretion of equol by post-menopausal women 
who were vegetarians (mean 35*8 .ug, range 0-U3/ig), omnivores (mean 35-8 ^zg, 
range 0-102 fig) or suffering from breast cancer (mean 27-2 /ig, range 0-74 //g). The 
maximum mean daily excretion measured was 565 //g over a three-day period, and at 
such a level the authors considered that a biological effect might result. Subsequently 
Bannwart et al (1984) identified both daidzein and equol monoglucuronides in the urine 
of five female subjects. The levels found in four vegetarian subjects (two pre- and two 
post-menopausal) were much greater than that measured in the single pre- menopausal, 
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omnivorous subject (daidzein: average 396*6 ^g/l, range 96-0—1 108 ugfl compared 
with 21-6//g/l; equol: average 4207 j/g/1, range 1493— 9663 //g/1 compared with 
46-0//g/l). The variation in the vegetarian subjects was ascribed to differences in the 
composition of the diet. Apples, cherries, potatoes, garlic, hops and soya products were 
mentioned as the most probable sources of dietary oestrogenic compounds. A less 
important source of these compounds was considered to be products obtained from 
animals which had been fed oestrogen-containing forage. This seems probable, although 
only limited data is available upon which to base a judgement. According to Lindner 
(1 967) the levels of such isofiavones accumulating in the adipose tissue of sheep (1 /;g/g) 
was too low to present a serious health hazard. The effects of cooking and/or processing 
would, moreover, seem likely to reduce this figure further. 

Recent work has emphasized the importance of soya as a source of dietary 
isofiavones (Axelson et al. 1984). Two healthy subjects were given 40 g of commercial 
texturized soya in place of meat, daily for 5 days. Urinary excretion of equol was found 
to increase 100-1000 fold (figure 6) and traces of daidzein glucuronides were also 
observed. Quantitatively similar results were observed in rats, approximately 100//g of 
equol being excreted per gram of soya flour ingested. The figure for soya oil is much less 
(5>ig/g), indicating that little, if any, isofiavones are removed from soya during 
processing of the oil (see below). This result is of interest also since Vague et al (1957) 
have reported cornification of the vaginal epithelium to occur in post-menstrual women 
following the administration of 100 g corn or olive oil per day for 10 days. The 
uterotropic effect of soya meal and soya-based rations in laboratory animals and 
poultry is well documented (Drane et al 1980). 

- Setchell et al (1984) have recently shown that certain people excreted little or no 
equol in the urine when fed 40 g of commercial soya protein daily for 5 days. The 
reasons for this behaviour are unclear, although it appears to be unrelated to the sex of 
the subject; the authors suggest that the rate of formation of equoi was dependent upon 
dietary -related factors, such as the composition of the intestinal microflora, the 
intestinal transit time and variability in the redox level of the large intestine. These 
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Figure 6. Daily urinary excretion of equol in humans (from Axelson et al. 1984). The arrows mark the 
period over which soya protein, 40 g/day, was fed. 
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workers also demonstrated that human faecal flora were able to degrade soya-rich broth 
components (presumably daidzin and daidzein) to equol. As the authors point out, it 
would be of dubious value to extrapolate the above findings, based upon six subjects, 
two of whom were obvious non-responders, to the population at large. These results do, 
however, emphasize the need for further study into the factors affecting phytoestrogen 
metabolism in man, the metabolic fate of dietary oestrogens in non-responders, and the 
variation in the rate of phytoestrogen metabolism in larger populations. The latter may 
in turn lead to the identification of particular 'at-risk* groups within the population at 
large. 

Axelson and Setchell (1981) were unable to determine equol in the urine of germ- 
free rats fed a commercial, soya-containing ration. Glucosidases capable of converting 
isoflavone glycosides to the uterotropically active aglucones have been identified in man, 
as have enzymes which have been shown to carry out the conversion of daidzin to equol 
(Axelson et al 1984). Although no evidence has yet been presented it would be expected 
that genistin-»genistein-*p-ethyIphenol would represent a similar (but detoxifying) 
metabolic pathway in man. 

The improvement of methods for the detection and quantification of isoflavones 
and their metabolites in plant material and biological samples has been of great 
importance in the development of an understanding of their chemical and biological 
properties. Such analysis has been effected by a variety of techniques, including 
paper chromatography (Markham 1975), thin layer chromatography (Beck 1964), 
gas chromatography (Nairn et al 1974), high-performance liquid chromatography, 
spectrophotometry, fluorimetry and immunoassay. Gas chromatographic methods, 
either alone or linked to mass spectrometry, have involved the prior derivatization of the 
molecules by converting free — OH groups to trimethylsilyl ethers or trifiuoroacetyl 
esters (Nairn et al 1973). Gas chromatography-mass spectrometry procedures such as 
single ion monitoring have allowed very low levels of isoflavone metabolites to be 
measured (Bannwart et al 1984, Axelson et al 1984), and using conventional gas 
chromatography procedures the former authors have demonstrated a detection limit of 
1 equol/24h urine sample. With such low levels, the isolation, extraction and 
concentration of the compound(s) of interest from the bulk sample is of paramount 
importance. The use of reversed-phase silica for preliminary clean-up has proved 
especially useful for the extraction of isoflavones and equol (and their conjugates) from 
urine, following which enzyme hydrolysis and ion exchange clean-up processes are 
employed (Axelson et al 1984, Bannwart et al 1984). Use of DEAE Sephadex (base 
form) enables a degree of separation between mono- and diphenolic species to be 
efTected (Axelson etal 1982). 

The advantage of high-performance liquid chromatography techniques is that the 
samples can be examined without the need for derivatization; under such conditions 
both free compounds and conjugates may be analysed directly. Following the original 
report of Kailela and Saastamoinen (1978), a number of techniques have been 
described, which almost invariably use reversed-phase systems. Methods developed for 
the analysis of isoflavones in clover and other fodder crops usually rely upon the facile 
hydrolysis of the glucosides during plant maceration and extraction such that the 
isoflavone aglucones are separated and quantified. Petterson and Kiessling (1984) and 
Sachse (1984) both include chemical hydrolysis prior to sample, analysis. Free 
isoflavones and glucosides are readily determined in soya by high-performance liquid 
chromatography and, of the methods described, the present authors favour that of 
Eldridge (1982a) in which all of the likely soya isoflavones are separated, an internal 
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Dth standard is included and no problems of co-e!uting impurities are encountered. The 

^ it latter severely limits the usefulness of a semi-preparative method for the isolation of 

:ts, daidzin and genistin, reducing the loading capacity to an extent that conventional 

do, chromatography (using Sephadex LH20) was of comparable efficiency (Farmakalidis 

;en and Murphy 1984a). 

the The analysis of soyabean (meal) and fractions have almost invariably revealed the 

lay presence of daidzin, daidzein, genistin, genistein, glycitin-7/?-glucoside and glycitein, the 

at latter two being uterotropically inactive and for this reason not included in table 3. 

Small amounts of formononetin were also claimed to be present by Shemesh et al 

m- (unpublished, cited in Lindner 1976), but details of the method were not given; in the 

ng absence of any independent confirmation and bearing in mind the obvious differences 

an, between the results of these workers and others (table 3) for the levels, of the other 

aol isoflavones, this report should be treated with caution. It is generally held that the major 

:ed proportion of soyabean isoflavones are present as glucosides (table 3), but as has been 

ig) indicated these are readily degraded by intestinal bacteria prior to metabolism, 

conjugation and excretion. BickofTe/ al (1962) have reported that 8 mg of genistein (or 

les 10 mg of daidzein) was the minimum dose needed to induce a hormonal response in 

sat mice; hence the oestrogenic effect of soyabean meal and soyabean-containing 

:al commercial rations on poultry and laboratory animals is readily understood, especially 

ng * when it is further realized that biologically significant levels of coumestrol and its methyl 

4), ethers may also be present 

ly, Much research on the isoflavones of pasture and forage crops has demonstrated 

js, that many factors (e.g. the physiological age of the plant, its genetic origin, climatic and 

:he environmental factors associated with growth) can affect the ultimate content of these 

tyl compounds in the plant (BickofF 1968, Rossiter and Beck 1967), and more recent work 

as has shown these factors also to be important in soya. However, additional consideration 

be must be taken of the effect of subsequent processing, especially as it relates to human 

;as food ingredients. 

of Eldridge and Kwolek (1983) have shown that the defatting of full-fat soya does 

nd not remove isoflavones or their glucosides, contrary to the earlier claim of Booth et al 

int ( 1 960). Support for this later finding comes from the work of Axelson et al. ( 1 984) refer- 

ed red to above. Analysis of soyabean hull (8% by weight), hypocotyl (2%) and cotyledon 

>m , (90%) fractions revealed isoflavone contents of 10-20 mg/100 g, 1405-1750 mg/100 g 

ire and 3 1 9-808 mg/100 g respectively. It should be noted that coumestrol is concentrated 

ise primarily in the hull and testa portions (Lookhart 1979). Daidzin and glycitin account 

be for more than 95% of the total isoflavone content of the hypocotyl, whereas in the 
cotyledon the latter is almost absent and genistin predominates. Eldridge (1982b) found 

he that soya protein concentrate (containing 70% protein) prepared by aqueous leaching 

ns contained higher levels of isoflavones (247 and 3 17 mg/100 g) than were present when 

lal an aqueous alcohol process was used (16 and 43 mg/100 g). Soya protein isolates, 

en containing 90% protein, although obtained by a variety of unspecified procedures, 

or contained similar isoflavone contents (103-145 mg/100 g), most of which was genistin 

ile and genistein. Combined levels of daidzin and daidzein, yielding equol on metabolism, 

he ranged between 24 and 5 1 mg/100 g. Seo and Morr (1 984) found a commercial protein 

ad * isolate to contain 96 mg isoflavones/ 100 g. Whilst in general agreement with these 

ee findings, Murphy et al (1982) observed the level of isoflavone glucosides in soyabeans 

lid x to decrease substantially on germination, during protein isolation or when calcium- 

of precipitated tofu was prepared. There appeared, however, to be no corresponding 

lal 1 increase in the free forms of these isoflavones. According to Gyorgy et al (1964) 
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daidzin and genistin are hydrolyzed by Rhizopus oryzae during the fermentation of 
soyabeans to produce tempeh. Defatted soya flakes contained 287 mg isoflavones/100 g 
(Seo and Morr 1984) and this was decreased by various protein isolation procedures to 
203 mg/ 100 g (acid precipitation), 53 mg/100 g (dialysis), 8-3 mg/100 g (ion exchange) 
and 6- 1 mg/100 g (activated charcoal treatment), A commercial sample of soya protein 
hydrolysate contained genistein and daidzein contents of 54 and 15-2 mg/100 g, 
respectively; animal rations containing soya by droly sates were also observed to possess 
very low levels of isoflavones (Murphy 1982). Germinated bengal gram (Cicer 
arientanum) was found to contain biochanin A and formononetin at levels of 7 1 and 
77 mg/100 g (Dziedzic and Dick 1982) and 98-6 mg and 44- 1 mg/100 g (Sharma 
1979a), respectively. The latter worker also identified daidzein (5- 1 mg/100 g). 

Bartholomew and Ryan (1980) found daidzein, genistein, formononetin and 
biochanin A all to be non-mutagenic when screened using the Salmonella/rnammsAwn 
microsome assay, the behaviour of the first two compounds being in agreement with the 
findings of Sugirnura et al (1977), and confirmed by Murphy and Glatz (in Murphy 
1982). 

Isoflavone aglucones have been shown to be responsible in part for the antioxidant 
activity of soyabeans and their products (Gyorgy el al 1964, Pratt and Birac 1979, 
Pratt et al 198 1). These compounds also contribute to the astringent and bitter tastes of 
defatted soyabean (How and Morr 1982) and soy protein products (Huang et al 1981). 
Soyabean isoflavones possess marked antifungal activity, whereas the glucosides are 
almost without action (Nairn et al 1974). Sharma (1979b) has demonstrated that 
biochanin A, formononetin and pratensein possess hypolipidaemic activity in the albino 
rat, but daidzein (and genistein (Ollis 1962)) was inactive. It was considered that this, at 
least in part, explained the hypochoiesterolaemic activity of the black gram and navy 
bean (Saraswati Devi and Kurup 1972, Hellendoom 1976). 

Coumestans 

Coumestans possess structures exhibiting close similarity to those of isoflavones to 
which they are biosynthetically related. A relatively large number of these compounds 
have been isolated from plants (Wong 1975), but only a few have been shown to possess 
uterotropic activity. For example, Verdeal and Ryan (1979) list eight coumestans which 
have been identified in alfalfa, only two of which possess such activity. These 
compounds, coumestrol (7,12-dihydroxycoumestan, XXi) and 4'-methoxycoumestrol 
(7-hydroxy-12-methoxycournestan, XXII) (figure 7) are the most common of this class 
of oestrogen and have been reported in alfalfa, ladino clover and other fodder crops 
where their presence is associated with widespread problems of animal performance 
(Stob 1983). According to Hanson et al (1965), over 90% of the oestrogenic activity of 
potent dehydrated alfalfa samples was due to its coumestrol content and Lookhart 
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Figure 7. Structure of coumestans. 
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(1980) has found serious ©estrogenic .effects to result from feeding cattle haylage 
containing 37 mg coumestrol/kg. Bickoff et al (1960) and others (Michelle/ al 1962) 
have investigated the effect of structural changes m the cournestan molecule on its 
hormonal activity. Phenolic groups in the 7, 1 2 positions were important; thus the 
7-methyl ether and 12-methyl ether (XXII) possessed only 54% and 15%, respectively, 
of the uterotropic activity of coumestrol itself when administered orally to mice. 
7,12-Diacetoxycoumestrol was almost as active as the parent compound when 
administered in the same manner, presumably reflecting the lability of the acetoxy 
groupings in vivo. 

As may be seen from figure 1, the uterotropic potency of coumestrol in the mouse 
is greater than that of the isoflavones and, as with the latter, variation occurs according 
to species and means of administration. Braden et al (1967) found coumestrol 
(administered intraruminally) to be 15 times more active than the most potent isoflavone 
and it is even more potent when injected intramuscularly. In the mouse, coumestrol is 
35 times more active (and its diacetate 24 times more active) than genistein, but still 
possesses less than 0-03% of the activity of diethylstilboestroi (Bickoff et al 1962). The 
coumestans, like the isoflavones, bind competitively to mammalian oestrogen receptor 
sites and are more active when assayed in this manner. The relative binding efficiency 
(that of 17/i-oestradiol= 100) of coumestrol has been reported as 1-4 (rabbit uterine 
cytosol, Shemesh et al 1972), 4-9 (sheep uterine cytosol, Shutt and Cox 1972), 4-9 (rat 
uterine cytosol, Verdeal et al 1980) and 19-7 (calf uterine cytosol, Lee et al 1977). 
When tested in human cancer cell preparations the relative affinity of coumestrol was 
measured as 9-8 (Martin et al 1978). According to Fredericks et al (1981) coumestrol 
may exert its effect on fertility in vivo by inhibiting follicle stimulating hormone. Little is 
known about the metabolism of coumestrol; Kelly (1972) has found the compound to 
be rendered less active in sheep over a period of 7-14 days. Whilst this might be due to 
the formation of less active metabolites, the chemical nature of which is obscure, more 
recent work suggests an alternative explanation. Coumestrol is conjugated in vivo, but 
to a rather lower extent than the isoflavones. Thus Kelly and Lindsay (1978) found 
between 20% and 40% of the total coumestrol in sheep's plasma to be present in the free 
form (compared to less than 10% in the case of the isoflavones) (Shutt et al 1967). 
Significantly the concentration of free coumestrol in sheep's plasma remained constant 
over 16 days, during which time the animals became biologically less sensitive to the 
oestrogenic effects of this compound. The loss of sensitivity, moreover, appeared to be 
related to the amount of dietary cournestan and the period of exposure. Further work is 
needed to clarify the factors underlying these interesting observations. The biological 
effects of administering coumestrol to animals is shown in table 4. 

Coumestrol has been found in a range of plant products commonly consumed 
by man (table 5). The highest levels were noted in sprouts of alfalfa and, especially, 
soyabean (Knuckles et al 1976b). Legume sprouts and shoots have in recent years been 
consumed in increasing amounts by certain sections of the population of the UK and 
other western countries. It would seem prudent to conduct a more detailed study of 
the coumestrol (and isoflavone) contents of these materials using modern analytical 
methods. In the aforementioned work, Knuckles et al used paper chromatography 
allied to fluorimetric detection and quantification (Knuckles et al 1976a); at the present 
time, however, the best method of analysis would appear to be high-performance liquid 
chromatography (Lookhart et al 1978, 1980) using ultraviolet or fluorimetric detection. 
By judicious choice of mobile and stationary phases it is also possible to monitor 
isoflavones and coumestrol simultaneously (Pettersson and Kiessling 1984). 
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Table 4. Effects of pure coumestans and zearalenone. - 
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Animal 


Compound 


Dose 


Effect 


Mouse 


coumestrot 


1 00-500 jug/g diet 


uterine hypertrophy 




coumestrol 


500 /ig/g diet 


and gonadotropic 


Rat 


coumestrol 


1 mg injected, 


persistent oestrus syndrome 






5 days neonatally 






coumestrol 


125 pg injected 


increased protein and phospholipid 




diacetate 




synthesis in uterus 


Sheep 


coumestrol 


12 mg injected, 


uterine hypertrophy 




1 -4 g in tr arum in ally 




Mouse 


zearalenone 


10^g/g diet 


uterine hypertrophy 






20 fig injected 


uterine hypertrophy 


Rat 


zea rale none 


1 mg, oral 


uterine hypertrophy 






600 //g topical to 


uterine hypertrophy 






skin 




Swine 


zearalenone 


1-50 mg daily, oral 


hypertrophy vulva, vagina, uterus and 



Chicken 

Turkey 

Monkey 



zearalenone 
zearalenone 
zearalenone 



100 //g/g diet 
25-100 Aig/g diet 



300-800 A/g/gdiet 
300-800 //g/gdiet 

14 or 56 pgAg 

injected 
14 //g/kg injected 
400 ii% daily, 

orally for 4 days 



mammae; metaplasia of cervical 
epithelial cells 
infertility 

infertility, nymphomania, pseudopregnancy, 

reduced litter size, smaller pigs, 

malformations, juvenile hyperoestrogenism, 

probable fetal resorption 
hypertrophy of vent, oviducts and 

cloacal bursa, eversion of cloaca 
hypertrophy of vent, oviducts and 

cloacal bursa, eversion of cloaca 
stimulation, LH* surge 

serum LH depression 
serum LH depression 



a Full references will be found in Stob (1983), from which this table is taken with permission. 
' LH = luteinizing hormone. 



Table 5. Coumestrol content of plant products." 



Product 



Coumestrol content 
(/ig/100gdry weight) 



Alfalfa sprouts (fresh) 
Soyabean sprouts (fresh) 
Soyabeans (dry) 
Defatted soyabean meal (dry) 
Soyabean concentrate 
Soyabean isolate 
Frozen green beans 
Frozen snow beans 
Frozen green peas 
Frozen Brussels sprouts 
Dried red beans 
Dried split peas 
Frozen spinach leaf 



500 
7110 

120 
40 
20 
60 

100 
60 
40 
40 
40 
30 
10 



' Data from Knuckles et al (1976) with permission. 
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- The coumestrol content of plant material has been observed to vary with a variety 
of factors (Bickoff et al 1969). For example, Hanson et al. (1965) have shown that of 
alfalfa to be affected, to various degrees, by variety, stage of growth, cutting, the year 
and location and, to a significant degree, by the presence of disease. Coumestrol has 
been observed to accumulate in alfalfa and other legumes following insect (Loper 1968) 
or fungal attack (Loper 1968, Loper and Hanson 1964, Stuthman et al 1966 Loper 
et al 1967) According to Sherwood et al. (1970) coumestrol was not translocated from 
the infected area to other parts of the plant Whereas coumestrol in undamaged, non- 
infected plants was metabolized via the isoflavone pathway (Grisebach and Barz 1963, 
1964), the origins of the coumestrol biosynthesized as a result of such insect or fungal 

damage is unknown. 

Concern over the presence of coumestans in alfalfa and ladino clover has resulted 
from the reduced reproductive performance of animals maintained on such fodder 
(Hanson et al. 1965, Bickoff et al 1969) and both breeding programmes and imp"" 
husbandry practices have been initiated to reduce the extent of the problem Of the 
latter, treatment with agrochemicals can minimize the pest and fungal attack which 
results in accumulation of coumestrols and other plant phenolics; moreover, the intake 
Of coumestrol by animals can also be reduced by the feeding of immature plants m 
which the coumestrol content is known to be lower than in the mature plant In the 
absence of any information concerning the amount, if any, of coumestans which enter 
the human body indirectly via the residues in animal products and milk obtained from 
livestock grazing on oestrogenic pasture, concern over the intake of these compounds 
by man is centred mainly upon their presence in common food plants (table 4), 
vegetable protein and 'health' products. 

Leaf protein concentrate has been suggested as a source of protein for humans, 
and methods have been described for its preparation from alfalfa (Kohler el al. 1968, 
Edwards et al. 1975). The effect of such processing on the coumestrol content has been 
examined by Knuckles et al (1976b). Relatively Utile of the original coumestan content 
of the alfalfa (1 1-118 mg/kg) was removed in the solubles during the early stages of the 
processing. Protein concentrates possessing 9-14 mg coumestrol/kg were obtained by 
commercial-type processing in which heat coagulation and washing was earned out 
under acid conditions (pH 4-5-6- 5), whereas if the medium was kept alkaline 
(pH 8-5-9-5) the coumestrol content was much lower (3 mg/kg) due to the greater 
solubUity of the oestrogen under these conditions. Diafiltered alfalfa leaf protein 
concentrate possessed a coumestrol content of only 0-4 mg/kg (measured as freeze- 
dried powder). Since the coumestrol content of diseased or damaged alfalfa leaves may 
exceed 1000 mg/kg, Le. 10-100 times that of undamaged tissue, it is clearly important 
that the quality of the materials selected for processing be maintained as high as 

^Malfa and other leguminous products have been widely marketed in recent 
years as health foods, tonics and supplements. Recently, Elakovich and Hampton 
(1984) have analysed commercial alfalfa tablets and found these to contain 20-194 *ig 
coumestroVg, equivalent on a daily dosage basis to 1-2 mg of coumestrol The effect of 
long-term exposure to such levels (together with that of any isoflavone oestrogens which 
may also be present) cannot yet be ascertained. However, this work clearly pomts to Ae 
desirability of monitoring the contents of physiologically acuve substances in health 
products since the 'recommended 1 doses (if stated) are frequently exceeded and the 
products may not be covered by the same legislative controls as foods and feed.ng- 
stuffs. 
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Coumestrol has been observed to possess tumour-promoting activity similar to 
that of 17^-oestradiol and diethylstilboestrol for dimethylbenzanthracene-induced rat 
mammary tumours (Verdeal et al 1980). However, Bartholomew and Ryan (1980) 
have reported this compound to be non-mutagenic in the Ames test Both coumestrol 
and its 4'-methyl ether had been'shown to possess weak antifungal activity (Van Etten 
1976). 

Resorcylic acid lactones 

Unlike the previous two groups of plant oestrogens, the resorcylic acid lactones are 
not intrinsic components of food plants but are secondary mould metabolites of fungal 
species, principally Fusarium, e.g. F. roseum var. graminearum {Gibberella zeae) which 
are common field organisms which also proliferate in poorly stored grains, oil seeds and 
hay (Caldwell et al. 1970, Eugenio etal 1970, Sherwood and Peberdy 1972, Abbas et al 
1984). There have been a number of detailed reviews on the chemistry (Shipchandler 
1975), production and biological activity (Mirocha et al 1971, 1977, Mirocha and 
Christensen 1974, Pathre and Mirocha 1976, Hidy et al 1977, Betina 1984) of these 
compounds and a comprehensive coverage of these and other aspects of Fusarium 
moulds is now available (Moss and Smith 1984). The economic losses associated with 
the feeding, especially to swine and cattle, of rations containing such mould-damaged 
produce have rightly meant that emphasis is primarily placed on the effects of such 
compounds on livestock, rather than on humans. However, since there is, at least in 
principle, the possibility of these compounds being carried over into humans via the 
consumption of animal products, and as many grain and cereal products are now 
formulated directly for human consumption, it is appropriate to consider the levels of 
such compounds likely to enter the human body and, thereby, assess the likely risk from 
such compounds. 

The most common oestrogen of this group is zearalenone (6-(10*hydroxy-6- 
oxo-rrans-l-undecenyl) ^-resorcylic acid lactone, XXIII). The reduced compound, 
zearalanol (XXVI, figure 8), has been marketed as a growth promoter in sheep and 
bovines. The main metabolites of zearalenone are the epimeric f}- and a-zearalenols 
(XXV and XXIV). Other compounds have been identified (Verdeal and Ryan 1979), 
but in general little is known about their biological activity. Zearalenone is usually 
described as a mycotoxin (F-2 toxin) but some reviewers consider this as inappropriate 
(Stob 1983). There have been a number of cases reported where the feeding of 
Fusarium-infected rations have caused death, abortion and other serious physiological 
disorders in livestock and poultry, and in some cases these were attributed to the 
presence of-zearalenone. It is possible that other, more toxic, substances were also 
present, since such moulds normally produce a number of mycotoxins simultaneously; 
these may include trichothecenes, such as T-2 toxin, deoxynivalenol and dia- 
cetoxyscirpenol. As Stob (1983) has stated, the involvement of zearalenone in some 
of the more distressing symptoms associated with the feeding of Fusarium-'mfecied 
rations should be treated with circumspection and the role of zearalenone itself should 
be demonstrated in controlled feeding trials, where such additional compounds can 
be excluded. The observed LD 50 of zearalenone is certainly far removed from those 
of other mycotoxins, being 5, 10 and 20g/kg in female guinea pigs, rats and 
mice respectively. For these and other reasons, Stob (1983) has suggested the 
terms *mycoestrogen\ * fungal oestrogen' or '©estrogenic metabolite* as being more 
appropriate. 

Zearalenone, zearalenol and zearalanol have been found to bind to mammalian 



Supplied by the British Library - 'The world's knowledge" www.bl.uk 



90 



K. R. Price and G. R. Fenwick 




Figure 8. 



oestrogen receptor sites. Kiang et al (1978) showed these to bind to uterine cytosol 
and nuclear receptors in the order ds-zearalenone (not naturally occurring) > trans- 
zearalenone > zearalenol (stereochemistry unspecified) > zearalanol. All four com- 
pounds almost completely inhibited the binding of 17/?-oestradiol at a ratio of 100:1. 
Katzenellenbogen et al (1979) found a-zearalenol to be more active than either 
^-zearalenol or zearalanone when measured by competitive or direct binding assays 
using rat uterine cytosol receptors. The former compound was observed to possess 
13-6% and 15% of the effect of 170-oestradiol upon competitive and direct binding 
analysis, respectively. 

It has been suggested (Ueno and Tashiro 1981) that the oestrogenic effect of 
zearalenone is due , to its metabolism to zearalenol, and this suggestion has been 
supported by more recent work (Sheehan et al 1984). Despite the structural 
dissimilarity between zearalenone and 17/f-oestradiol, as Duax et al (1984) have 
pointed out, there is considerable similarity between their respective hydrophobic bulk. 
Zearalenone binds to rat hepatic cytosol oestrogen receptors (Powell- Jones et al 1981) 
as well as to those of rat uterus, with which it has been found to bind more strongly than 
the isoflavones but less strongly than coumestrol (Verdeal et al 1980). Radio-labelled 
zearalenone, injected intravenously into mice, was found to be bound to oestrogen 
target organs, e.g. uterus, intestinal testicular cells and ovarian follicles (Appelgren et al 
1982). Studies by Martin et al (1978) showed that zearalenone was less potent than 
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either isoflavones or coumestrp] when assayed by competitive binding to human breast 
cancer cell oestrogen receptors. The uterotropic activity of zearalenone has been 
demonstrated by various workers (Stob 1983) — for example, when administered by 
mouth it was 10 3 times less active in the mouse than was diethylstilboestrol (figure 9). 
By subcutaneous injection in the same species, the compound was 500 times less active 
than 17^-oestradioI (Katzenellenbogen et al 1979). Mirocha et ai (1978) have shown 
c/5-zearalenone to possess stronger uterotropic activity than the natural /ra/is-isomer; 
cis- and /rans-zearaienols were found to be of comparable activity by the same workers. 
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Figure 9. Relative uterotropic activity of orally administered diethylstilboestrol and zearalenone (after Stob 
1983). 

The biological activity of zearalenone in animals is shown in table 4. Data on the 
©estrogenic potency of zearalenone in rats has been obtained by Kumagai and Shimizu 
(1982); by uterotropic assay this compound possessed less than 0- 1% of the activity of 
170-oestradiol, a figure in agreement with that resulting from estimation of vaginal 
corniflcation following systemic administration. In contrast, the vaginal cornification 
bioassay indicated that zearalenone possessed about 1% of the activity of 17/f- 
oestradioi when administered locally. Furthermore, neonatal exposure to zearalenone 
produced anovulatory sterility in the rat, the potency being 10% that of 17/£oestradiol. 
There is considerable evidence that pigs are especially sensitive to zearalenone 
(Mirocha et al 1974, Chang et ai 1979) with hormonal effects resulting from as little 
as 1-5 mg/kg diet. According to Chang et al (1979), the inclusion of 25-100 mg 
zearalenoneAg *n the ration of sows led to multiple reproductive deficiencies, including 
infertility, reduced litter size and weight and hyperoestrogenism. Zearalenone and 
zearalanol have been shown to increase weight gain when implanted subcutaneously in 
sheep (Hidy et ai 1977) and subsequent study demonstrated the latter to be especially 
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effective in steers and heifers (WiUemart and Bouffault 1983). Further work also 
resulted in synthetic zearalano! implants being produced commercially. 

In primates, orally administered zearalenone was 80 or 160 times less active than 
17^-oestradiol or diethylstilboestrol, respectively, in inhibiting synthesis and release of 
gonadotropins (luteinizing hormones) from the anterior pituitary (Hobson et al 1977), 
but the effect is much greater if the compounds are administered by subcutaneous 
injection and all three compounds are then of comparable effectiveness. In humans, 
75-100 mg of zearalenone/day have been reported to be effective in the treatment of 
post-menopausa! syndrome in women (Utian 1973, Hidy and Baldwin 1976b) and, 
according to Hidy et al (1977), the clinically effective daily dose of zearalanol for such 
purposes is 50-75 mg, a practical result which was in agreement with that inferred from 
animal experiments. Both zearalanol and zearalenone are effective as oral contraceptive 
agents in humans (Hidy et al 1 976a). 

According to unpublished work cited by Hidy et al (1977), the major metabolite 
of orally administered zearalenone in the sheep was £-zearalenol (XXV) which was 
shown to possess only 25% of the ©estrogenic activity of the parent compound. Ueno 
and Tashiro (1981) observed only small amounts of this metabolite in rat faeces, the 
main product being the epimer, a-zearalenol (XXIV), which was three times more 
uterotropically active than zearalenone and also bound more strongly to mammalian 
uterine cytosol receptor. a-Zearalenol may be present in both the free and conjuga- 
ted (0-glucuronate) forms (Kiessling and Pettersson 1978, Olsen et al 1981) and 
conjugation of zearalenone itself may also represent a significant detoxification process 
(Kiessling and Pettersson 1978, Olsen et al 1981) in the rat. Rumen microbes have 
been observed to metabolize zearalenone into a- (mainly) and ^-zearalenols and it has 
been suggested that an additional explanation of the oestrogenic effect of zearalenone- 
zearalenol metabolism is the interruption of normal steroid metabolism via the 
necessary involvement of hydroxysteroid dehydrogenase (Kiessling and Pettersson 
1978, Olsen et al 1981). As has been mentioned earlier, zearalanol has been used to 
improve weight gain of livestock. The main metaboUte of this compound in a wide range 
of species, including man, is zearalanone (XXVII); both compounds have been found in 
the free and bound forms (Hidy et al 1977). 

According to Dixon and Russell (1983), when four cattle were implanted with 
36 mg of zearalanol, mean maximum urine levels were 13-5/ig/l (22 days after 
implantation) and declined to 2-9//g/l by day 69. Two experiments were conducted with 
sheep who received 12 mg zeralanol implanted into the base of the ear. Mean maximum 
urine 'levels were reached after 35 days (45^g/l) and 56 days (90/ig/l) in the two 
experiments, and thereafter declined to 26//g/l (day 42) and U-7/fg/l (day 70), 
respectively. Ruddick et al (1976) reported zearalenone to be teratogenic although 
more recent work (Davis et al 1977, Wardell et al 1982) could not confirm this. 

Numerous methods have been described for the analysis of zearalenone (Gilbert 
1984), including thin layer and paper chromatography (with colourimetric or ultraviolet 
detection) (Caldwell et al 1970), gas chromatography (utilizing the tnmethylsilyl- or 
pentafluoropropionate derivatives) (Steele et al 1976, Holder et al j977Ujs 
chromatography-mass spectrometry (Mirocha et al 1974, Scott et al 1978) and high- 
performance liquid chromatography (Scott et al 1978, Cohen and Lapomte 1980). 
Thin laver and high-performance liquid chromatography have also been used to 
separate zearalenone and its metabolites in biological samples (Kiessling et al 1984, 
Ueno and Tashiro 1981). The detection limit for zearalenone using high-performance 
liquid chromatography, with Spherisorb 5 ^m column and fluorescence detection, was 
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5 *g/k° in corn flakes (though a second high-performance liquid chromatography 
cotomn was needed to remove an interfering compound in other corn products) and 
10^g/kg in com (Scott etal. 1978, Ware and Thorpe 1978, respectively). For purposes 
of routine screening, simpler techniques using thin layer chromatography have been 
developed. With Fast Violet 8 as spray reagent, detection limits of 20 /ig/kg (Scott et al 
1978) and 80 /«g/kg (Swanson et al 1984) have been reported for zearalenonr in corn 
and corn-based foods. The latter workers also considered the method amenable for the 
Qualitative but not quantitative, screening of zearalenol (detection limit 200//g/kg). 
Immunological techniques have been developed for the detection and ^antificadon 
of zearalanol (Dixon 1980, Dixon and Russell 1983, Thouvenot and Morfin 1983) but 
since related compounds, such as zearalanone and zearalenone, may possess significant 
cross-reactivity towards the antiserum, a preliminary separation with high-performance 
liquid chromatography has been recommended (J ansen et al 3 984). 

The extent of the contamination of grain crops with Fusarium species may be 
considerable. In 1972, 38 out of 223 corn samples from areas in the USA where such 
contamination was suspected or expected were found to contain zearalenone, the levels 
ranging from 100 to 5000 ag/kg (Eppley et al 1974). A similar study die following year 
revealed zearalenone levels of 38-294 ,g/kg in 19 out of a total of 315 marketable corn 
samples (StolofT et al 1976). There was clear evidence of localized regional [occurrence 
with 10% of the samples from the Corn Belt (17 out of 169) being affected. The same 
workers also measured zearalenone contents of 97-10 400 jig/kg in 57 samples of 
obviously damaged corn. The results of other surveys of wheat, grain sorghum 
soyabeans and corn have been summarized by Bennett and Shotwell (1979). 
Zearalenone has been detected in six samples of Mexican corn in^ded for human 
consumption, but the levels were not quoted (Mirocha et al 1972). Of 29 1 samples of 
the 1982 Australian maize crop recently examined (Blaney et al 1984), 85% contamed 
zearalenol; the mean concentration was 170*g/kg but four samples possessed in excess 
of 1000 ug/k%. Cote et al (1984) found 40 out of 342 feed samples, obtained in 1981 
from the area around Illinois and suspected of causing or contributing to animal health 
problems, to contain zearalenone. Levels ranged from 100 to 8000 //g/kg, with a mean 
of 660^g/kg. In Canada, problems associated with Fusarium infecuon of corn and 
other crops would seem to occur predominantly in Ontario (Andrews * a/. 98 1) 
Analysis of suspected samples over the period 1972-1977 revealed some 10% (214 out 
of 2022) to possess zearalenone, levels ranging from 10 to 141 000,/g/kg, the mean 
being 3850/^g/kg. Zearalenone, deoxynivalenol and, apparently for the first time, 
anatoxin B lt have recently been identified in commercial wheat samples from the mid- 
western USA. Of a total- of 33 -samples examined, zearalenone was present in trace 
amounts in two samples and, in another three, at levels of 35, 90 and 1 15 pg/kg (Hagler 

^^'Thwe'is some disagreement over the effectiveness of chemical treatments for 
detoxification of zearalenone-contaminated grain. An American patent (Tamas and 
Woller 1977) describes either 3-6% aqueous hydrogen peroxide or ammonium 
hydroxide as effective, but the removal of zearalenone was not quantified. However 
unpublished work, referred to by Bennett and Shotwell (1979), found the ™^.on 
process used for removal of anatoxins to have no effect on zearalenone ^els. More 
recently, Kallela and Saastamoinen (1981) have shown the farm grain preservative 
'Gasor to have a beneficial effect in reducing the levels of zearalenone m stored grains. 

A considerable amount of the world grain crops is used as human food sources, 
either directly or after processing. In many parts of the world such use represents the 
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major part of the crops' utilization. There have been a number of reports of zearalenone 
being found in southern African foods, drinks and raw materials. Thus levels of 
100-800 /*g/kg were measured in corn used for the brewing of Zambian beer (Lovelace 
and Nyathi 1977) with an average of 920j/g/kg (maximum 4600 //gAg) being found in 
such beers and 800-4000 //g/kg in the corn malt used in the brewing process. Of 55 
samples of sour drinks, porridges and beers from Swaziland, six were found to contain 
zearalenone (referred to in Bennett and Shotwell 1979) at levels between 800 and 
5300 //g/kg. Of local beers from Lesotho, 12% of the 140 samples examined also 
contained this oestrogen (300-2000 //g/kg)- Rather lower levels were found in Lesotho 
beer by Martin and Gilman (1976) (approximately 50^g/kg) and samples of maize 
porridge, sorghum malt were also found to be contaminated (Martin 1974). MacDonald 
and Raemakers (1974) found zearalenone in South African maize samples. Together 
with zearalenone, the presence of other, more toxic, metabolites may be expected 
(Bennett and Shotwell 1979) and although the climate in southern Africa might be 
expected not to be such as to facilitate such mould growth as might occur in other parts 
of the world, Marasas et al (1977) have found strains of F. graminearum in southern 
Africa capable of producing deoxynivaienol, and possibly other mycotoxins. 

According to StolofT and Dalrymple (1977), zearalenone was not detected in the 
primary or by-products from dry milling operations. Bennett et al (1976, 1978) have 
examined the effects of processing on naturally contaminated corn. Wet milling was 
found to concentrate the oestrogen in the gluten fraction with lesser amounts being 
found in the milling solubles, fibre and germ respectively. The starch fraction was free of 
zearalenone. Dry milling led to a two- to three-fold concentration of the zearalenone in 
the germ. Both milling processes led to a concentration of the zearalenone into fractions 
used as animal feedingstuffs. 

Scott et al (1978) have examined various corn products for zearalenone using 
both high-performance liquid chromatography and gas chromatography. Largest 
amounts were found in a sample of cornmeal (26 j/g/kg)» although two other samples 
contained no detectable amounts. Frozen corn contained 2jt/g/kg, corn chips 0 and 
2//g/kg» popcorn 0 and 7//g/kg and three samples of cornflakes 0, 0-4 and 14 /igAg 
respectively. The carry-over of zearalenone in cattle consuming naturally infected 
wheat rations has been studied by Shreeve et al (1979). Concentrates (385-1 925 //g 
zearalenone/kg) were fed to two cows for 7 weeks. No zearalenone (detection limit 
4 ^g/kg) residues were detected in muscle, kidney, liver, serum, milk or urine. The result 
should be interpreted with some caution bearing in mind the number of animals used 
and the inability of the analytical method used to detect zearalenone metabolites. The 
study also revealed apparent indications of interactions between dietary fungal 
metabolites which would warrant further examination. Mirocha (1981) has detected Gr- 
and /?-zearalenol (16-76/ig/kg) in the milk of a cow following the oral dosage of 
[ 3 H]zearalenone. Palyusik et al (1980) have described the results of feeding two 
lactating sows a diet containing pure zearalenone (40 mg/kg). In addition to various 
physiological effects attributable to the oestrogenic effect of this compound, analysis of 
the milk from these animals showed mainly 0-zearalenol (> 80% of original toxin) and 
a-zearalenol (-15%) with only traces (0-5-1-3%) of unchanged zearalenone. The 
highest concentration of zearalenol found in milk was 0*79 p.p.m. The authors reported 
that the metabolites could be detected in the milk samples within 2 days of feeding the 
zearalenone and were still present 5 days after it had been removed from the diet. 

Calculations quoted by Lovelace and Nyathi (1977) give possible daily intakes 
of zearalenone of 450 /ig and 170/ig for rural farmers in Southern Province and 
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:none j inhabitants of Lusaka, respectively. The figure for certain individuals is certainly much 

;ls of | higher. Marasas et al. (1979), on the basis of animal data, considered that 500/<g/kg 

elace | wa s a biologically significant dose of zearalenone. However, as has been indicated, there 

nd in \ jg a considerable variation in sensitivity between species and the toxicity of zearalenone 

)f 55 I in man is unknown, but based upon data from other primates (Hobson et al 1977) is 

•ntain | probably low. Ueno and Kubota (1976) suggested that zearalenone was mutagenic to a 

» and ? recombination-deficient line of Bacillus subtilis, but this could not be confirmed by 

also I Wehner et al (1978), using Salmonella typhimurium. 

sotho i Schoental (1979) has suggested that zearalenone and other Fusarium mycotoxins 

naize f may have a role in the aetiology of tumours of the digestive tract and gonads in animals 

3nald | and man, and there has been speculation (see Martin and Keen 1978) that dietary 

ether I oestrogens might be implicated in the high incidence of cervical cancer in certain areas 

ected i of Southern Africa, e.g. Swaziland and Lesotho. 

nt be Mouldy corn from areas of the Transkei associated with high and low incidences 

pans ] of oesophageal cancer has been examined for mycotoxins (Marasas et al 1979). Pooled 

them .j samples from these areas showed no significant differences in the extent and nature of 
t the Fusarium species present However, when four sub-samples of hand-selected, visibly 

n the .; Fusarium-mfected kernels were analysed, significant differences in the nature and extent 

have } of the infection were observed. All of the sub-samples contained zearalenone (ranging 

was \ from 1500 to 10 000 jugAg) out the mean level of the samples from the high-incidence 

wing area was 5750 /ig/kg compared to 2750 ug/k& from the low-incidence area. Even larger 

ee of differences were noted in the levels of deoxynivalenol, being 250 jug/kg and 2500 /UgAg 

ne in j in the low-incidence and high-incidence areas respectively. The authors concluded that 

tions before the potential threat to human health of these Fusarium metabolites in mouldy 
corn could be evaluated more detailed information was needed on their chronic effects 

jsing and on whether any additive or synergistic effects might occur, 
rgest 

nples Other compounds claimed to possess oestrogenic activity 

and Examination of table I reveals additional compounds which have been claimed, 

g/kg i with varying degrees of supportive evidence, to be responsible for the oestrogenic 

;cted activity of the individual plant species shown. For example, Stob (1983) has suggested 

!5jug that the hormonal activity of carrots (Ferrando et al. 1961) may be related to the 

limit presence of 3-methyl-6-methoxy-8-hydroxy-3,4-dihydroisocoumarin (XXVIII, figure 

esuit 10). However, this compound was isolated from cold-stored carrots and was apparently 

used absent in the freshly harvested root (Sondheimer 1957). Little, if anything, is known 

The about the effect of such storage on the uterotropic effect of this vegetable. Anethole 

ingal (XXIX) was suggested by Zondek and Bergmann (1938) to be responsible for the 

id a- oestrogenic activity of essential oils of fennel and anise, but more recent physiological 

;e of studies on this compound (Sangster et al. 1984a, b) have not supported this. Three 

two structurally related bitter acids, colupulon (XXX), lupulon (XXXI) and adlupulon 

'ious (XXXII) have been identified in hops and proposed as the oestrogenic principles therein 

js of (Zenisek and Bednar 1960). 

and Feldman et al (1982) described a protein in bakers' yeast (Saccharomyces 

The cerevisiae) capable of binding 17^-oestradiol with high affinity; moreover, a chloroform 

>rted extract of the same yeast cells was found to bind competitively to mammalian oestrogen 

J the receptor cells in vitro. Subsequently the same group (Feldman et al 1984) showed this 
extract to possess uterotropic activity. If these findings are confirmed, high priority 

akes should be given to the isolation and identification of the active components), given the 

and extensive use of this material in baking and fermentation. Only when its potency has 
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Figure 10. 

been determined and its levels in food products have been established can the full 
significance of the above findings be ascertained. 

According to Hassan et al (1964), ^-sitosterol (XXXIII) was one of the factors 
responsible for the hormonal activity of liquorice, although this has been questioned. 
Certainly if this and related compounds were to be confirmed as possessing such 
activity, then their ubiquity might well explain the hormonal properties of a range of 
common food plants, including onion and garlic and certain vegetable oils (Booth et al 
1960). Rather earlier, Costello and Lynn (1950) had tentatively identified the steroidal 
oestrogen, oestriol (XXXIV), as being present in liquorice. The role, and indeed the 
presence, of such steroidal hormones in the plant kingdom has been the subject of 
considerable controversy (Hewitt et al 1980). As these workers have emphasized, early 
investigations into the hormonaily active principles of plants were limited by relatively 
crude means of fractionation, isolation, characterization and bioassay. Consequently 
many of the initial claims for the occurrence of steroidal oestrogens in the plant 
kingdom were treated with scepticism. In 1966, Bennett et al identified oestrone in date 
palm pollen by thin layer chromatography, and it was subsequently isolated from the 
same source (Amin et al 1969). Pomegranate seed was claimed to be another source of 
this compound, with levels of 17 mg/kg being reported (Heftmann et al 1966). 

Whilst the presence of oestrone was confirmed by Dean et al (197 1), the measured 
levels were very much lower (4/ig/kg). 170-Oestradiol could not be detected. In other 
cases (see Hewitt et al 1980), workers were unable to isolate steroidal oestrogens 
from plant sources despite previous claims to the contrary. Such irreproducibility, 
limitations in analytical technique and methodology and the overriding concern that 
presence of such compounds, even when proved conclusively, might be a result of 
contamination meant that fundamental questions about the natural occurrence of such 
compounds in plants remained until recently (Van Rompuy and Zeevaar 1979), and the 
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failure of these workers to identify steroidal oestrogens in plant extracts using 
sophisticated modern techniques clearly identifies this area as a rewarding one for 
further interdisciplinary study. Work described in detail by Hewitt et al (1980), 
using radioisotope incorporation studies and sensitive gas chromatography-mass 
spectrometry; techniques, unequivocally revealed the presence of oestrone and oest- 
radiol in French bean seedlings. 

Residues of pesticides and insecticides may also be a source of uterotropically 
active compounds in the human diet It has long been known that DDT and its 
analogues exhibit such activity (Fisher et al 1952, Welch and Conney 1968) and 
recently Loeber and van Velsen (1984) have shown 0-HCH, an isomer of lindane and 
a component of technical HCH, to have uterotropic activity. Although very weak 
(2 x 1CT 3 that of 17a-ethynyloestradiol), little is known about the effects of long-term 
exposure to trace amounts of such compounds. 

Overview 

Amongst the plants consumed by humans which have been reported to possess 
oestrogenic activity are onion, garlic, cofiee, apple, parsley, sage, rhubarb, potato, 
radish, pea 1 cucumber, sugar beet, cabbage and mustard. These reports, originating 
from the early work of Dohrn et al (1926) and Love and Love (1945), did not identify 
any of the active components, and were based upon methods of analysis which are now 
recognized to have limitations. Nevertheless it would seem desirable to re-examine some 
of these food plants using modern methods of analysis, in particular those like potato 
and cabbage, which are consumed regularly in relatively large amounts. The widespread 
use of vegetable oils also suggests that the claims that these are uterotropic be re- 
examined. Because of the evident variation in sensitivity to oestrogens exhibited by 
different species and strains of animal it would be desirable to standardize the 
uterotropic assay so that results from different laboratories and on different 
commodities/food plants could be more readily compared. 

Inspection of table 6, taken from Verdeal and Ryan (1979), would seem to suggest 
that there is little risk associated with the intake of plant oestrogens. This is not 
necessarily the case, however, since little is known about, the effects of long-term 
low-level exposure to these compounds (or their metabolites). Studies with human 
subjects would be desirable to determine whether or not normal levels of intake are 
associated with detectable physiological changes. This might provide objective 
predictions of the nature and extent of any changes which might occur in particular 



Table 6. Human exposure to exogenous oestrogens." 



Source 


Estimate of possible daily dose 
(fig diethylstilboestrol equivalents) 


Morning-after pill 


50000 


Birth control piU 


2500 


Post-hysterectomy replacement therapy 


500-1000 


Post -menopausal therapy 


500 


100 g beef liver (0 5 p.p.b. diethylstilboestrol) 


005 


100 g wheat (2 p.p.m. zearalenone) 


02 


20 g (d.w.) soyabean sprouts (70 p.p.m. coumestrol) 


0-5 


100 g French beans (2-10 p.p.b. oestradiol) 


003-0- 15 



" Data from Verdeal and Ryan (1979) with permission. 
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'at-risk' sections of the population. Moreover, consideration should be taken of any 
medium or long-term changes in dietary habits which might be expected to increase the 
intake of such phytoestrogens; the increasing use of vegetable proteins in general and 
soya protein in particular and the introduction of soya milk products for infant feeding 
are two such examples (Setchell et aL 1 984). 

The importance of metabolic studies in determining the likely ©estrogenic effect 
associated with the ingestion of isoflavones and resorcylic acid lactones is obvious, the 
effect depending as it does on the extent of that metabolism and the individual potencies 
of the metabolic products. The metabolism of the coumestans should be examined and 
the activities of the major isolated metabolites determined. Further studies should also 
be conducted on equol; for example, examining its effect in vivo and in vitro. Such 
studies will obviously depend upon the availability of methods of analysis for both the 
parent compounds and the metabolites. The examination of the possible carry-over of 
resorcylic acid lactones, and metabolites, foDowing the feeding of /V/sanum-infected 
diets or the implantation of zearalanol as growth stimulant would be desirable using 
such methods. The possible synergistic effect of different plant oestrogens or of plant 
and synthetic oestrogens should not be discounted (Kotsonis et aL 1975). 

Attention should be given to programmes designed to limit or reduce the intake of 
plant oestrogens, whether by judicious selection of plant varieties or the optimization 
and improvement of agronomic, storage and processing conditions. Notwithstanding 
the inherent difficulties, a detailed study of the dietary factors associated with the high 
incidence of certain cancers in Southern Africa might provide useful information as to 
the role of dietary oestrogens. Indeed, a fuller understanding of the biological basis of 
the hormonal activity of the plant oestrogens considered above, particularly in farm 
animals and primates, would seem long overdue. 

Future progress in this interesting and challenging area will largely depend upon 
the integrated efforts of workers from a variety of disciplines, including chemists, 
biochemists, toxicologists, pathologists, food technologists and plant breeders. As such 
it would seem to be particularly suitable for support from national and international 
food and health agencies. 
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